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PREFACE. 



Ttie subject' matter of this volume Is one of perennial 
interest. Although a great deal has been written on the 
use of the Lathe, there is no comprehensive work which .iy 
lieals with the present-day scope of Turning in the large 
!;hops, mosi writers approacliing the subject from the stand- 
point of the amateur, or from that of the jobbing or " all- 
round " worl^man, who finds the lathe a useful appliance. 
Such books are valueless from the point of view of the work- 
man in the factory, or to the technical student who desires 
to gain a knowledgt of what is involved in modern Tumcrj' 
fjraciice. 

Althoughtt would be a hopel(?ss ta-sk to attempt to treat 
the subject exhaustively in the com|5ass of a small volume. 
yet the writer trusts that he has produced a sufficiently 
compreheniive work from which no matters of importance 
wilJ be found omitted. Principles and practice in the 
different branches of Turning are coiihidered. and well illus- 
trated^ All the dilTerent kinds of Chucks of usual forms, 
as well as some unusual kinds, are shown. A feature of the 
book is ihe important section de\*oted to modern Turret 
practice ; Boring is another subject which is treated fully ; 
and the chapter on Tool Holdt^rs illustrates a large number 
of representative types. Screw-cutting ia treated at reason- 
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able length ; and the last chapter contains a good deal of 
information relating to the High-speed Steels and their 
work' The numerous tools used by turners are illustrated, 
and also the adjuncts of the lathe. Of the lathe itself little 
is said, preference being given to the practice of Turning 
rather than to lathe design, a wide subject, and one which 
ts undergoing rapid changes at present. 

While each aspect of the subject (it will be seen) has 
been approached from the engineer's point of view, it is 
believed that the volume will prove of much value also to 
those amateurs who, having mastered the principles of 
Turning, desire fuller acquaintance with its recent practice 
and present developments. 

JOSEPH HORNER. 

BATHt 

March 1905. 
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INTRODUCTION. 

fFTlBLATlONS OP rut TURNEBV A^D THE MACHINE SHOP. 

CylJndriciLl Sqrfif e& — Kegulai. nml [rrpguEor Cunlourt— ^cri^iw Threadfi— 
Quitoe of Msehinis— SpeciiUiuiUun* ^^ 

THE mflirhine shop and mmery are the moat eittetisive 
dcpnriments in the AvernRe engineer's factory, employing 
more hands than any other single shop, and having a 
more cosily plant of machinery. These are by far the tiiosl 
highly Fpt^ciaiised of all the departments i here mere manual 
«1cill counts for hllle, but deffTn?ss and eJtperitnce in u[>efating 
ihc machiTies in ardur to produce Ilic latest and moat perfect 
TCSoUs from them. These are the deparimoma which u&ijolly 
possess iht giealesl utlraciion and iulLTesl for |jriitLicul men — 
wbieh oJTord the widest scope for inventive skill, and for ttie 
Mihcniirig out of cioick and ready jigs for tht attachment of 
work, and tigs-itp of tools- To most, these dcparlmcnts seem 
to embody the practice of engineering in a greater degree than 
ihc otIiGis. No cngiin^er'a ahu|j can bt willioul a machine shop 
and lurnery, but there are many which do not include a t>oiJcT 
shop) or even a heavy forge depariment. 

If we try to take a gctieriil survey of the machine shop and 
KirTMfy, the firsi sentiment is that of bewilderment ai the 
multiplidiy of the operaiions which an: carried on. But it 
soon becomes poirsible to reduce thi-i apparent chaos to order. 
For, afier all^ the hundreds of machines which occur in many 
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scores of difTt^rent types, aje dift'ertintiated iai more in 

to JeUiU of cun^Iiuiition, Lhan in ru^ard tc principles, 
t-ssential mutht^ds of operation. 

Briefly, the operations of rhc deparlmenls \x\ qufsrion roai 
be divided aa follows ; — 

(1.) The machining of plane surfaces. 

(a.) The raachtning of external cylindrical surfaces. 

(3.) The raachininp of inlerral cylindrical surfaces. 

(4.) The machrnjng of forms which are combinations of thi 
preceding list, and nhich are (a) regular or {!') iriegular i| 
con loo r. 

(g.) Tbf formalion of scrow threads. 

I think that all the operations of thise deparinienlB ai 
included in the above classification- But the jierformanct of 
iheiie by means of present-day nielhoda lovclves Ihc use of; — 

{A.) Machines employing tools with sirigle cutting edgeAJ 
only. 

(j?.) Machines employing toob comprising a multitjdc 
cutting edges. 

(C) Grinding machinery. 

On the above bosis^ let us try to sy^lematise the work of tl 
machine sliop. 

First, as lo (1) the machining cf plane surfaces. This 
done moit frequently by means of tools with single cutlii 
edges, the tools having a nariuw, almost pointed, edge fc 
roughing, or wjdjr edges for hni^hing, or being otherwise various!] 
formed lo impart special soclional outlines to ihf work, Tl 
machmcs in which plane surfact^s are produced by ihcsc Cor 
{A) ore the planing machines, the shaping machines^ and 
slotting machines- The work may travel, and the tool, but for" 
its tMversc feed, remain stalioniiry, as in the common planing 
machine- or rht work may remain fixed and ihe tool travel, as 
in the shaper, in the plate-edge planing machine, in the vertical 
planing machine, aad in the slotting machine ; or in a lathe or 
boring mill, as when (lange face* ate looled with a fadng arm 
and Stat feed ; or by simiiar methodan 

Or plane surfaces are machined by an assemblage of cutting 
edges {B\ as In the milling machine, in which the work travels 
under the revolving culteri having fijted bearings, the cutter 
operating by its longitudinal edges, or endwise. 
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Or (C) in a ji^nding machine, the grinding wheel operating 
tingcnlially, or endwise. 

In icferencc (j) to the machining of exlemnl cylindrical 
mrfai^e^ Tbte is elTecied in a common Jathu, in v^htch the 
work revolves and the material is removed by tools {A) with 
single cuttMig edges, the tools buing stationary^ except for Tccda, 
the iorms of the culling edges being varied according to the 
nature of the work which has to bt pi:Tformi:d ; or it is done in 
a vertical Lathe, the work then being shallow and of considerable 
diarneter; or the tool is ri^volved round the fixed work. v& m 
KJtue crank-pin Lumint^ machines; or it i-S doni^: in a ijlolling 
machine having a circular movement to the lablu. Or {B) in a 
milhng machine havmg a similar cin^ular movement to the table. 
In each of ihtrstr cases the tool remains ^tation.'iry a& far as 
fcfUlea lo it^ radial distance from the centre of the table, and 
the work is revolvL'd, the radius al which Lhc tool is filled 
regulating the diameter of the vork, Extc^rnal surfaces are 
Djuohincd. as in lever bossing, on a drilling machine with a 
cuitc:r iA) »cl \w a drill ^pindfe or bar ; ihey are tooled alau in 
chasing and various capstan lathes by tools (A) ^t in the capstan 
hfad. Such surface* are al«o finished (C) hy grinding, the work 
revolving between dead centres and a cylindrical grinding wheel 
t>*ing revolved against the revolving work. 

Tht.- machining (3) of internal cylindrical surfaces is accom- 
pli^hcj by tools (.-/) in the common klhe. the single cutting 
cool being held in the rest, or in a boring bar or head ; also on 
special boring maclilnes jn which one ot more. Up 10 as many 
osAdOMrnor twenty, single cutlers will be hdd in a single bnr 
Of hcad^ The boring machines may be hori^ontiil, ot of vertical 
type. Smalt cylmdrkal :^rfaces are formed wilJi the drills and 
fcumers- "llie former are essentially a pair cf nin^lc tool edges 
{A), ihe culling forces l>eing balanced on the opposite edges, 
and the drill shank lilb essentially the function of a stiFf boring 
bjtr. The reamers or broaches and rose bits are a transition 
between th*f drill* and the milling cuttere. Milling cutters 
(J9), though not employed for boring, using the terra in its 
commonly accepted sense, are useful for producing shallow 
TTCes^^s. Iniernal surfaces are finished accurately by (C) emery 
bps, used on special lathes. 

Considering (4) the sub-section {a) : This embraces all turned 
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work which is not uniformly cylindrical — s\\ work done on shaper 
and slolLiiig macliint: which is ^^l aitirely circular, such as arcs 
of ciTcles, both concave and convex; the teeth of wheels, loo, 
which are shaped by planing, flnd ihe hundreds of detaiU in form 
which combine |>lane and curved surfaces. All regular forms 
alfio, shaped (£) with milling culli/rfi, m which the work is moved 
against the cuirers in straight and curved line? while fixed upon 
a universal table ; or in which the sectional forms of the cLillers 
are Ihe pruci^c counterparts of thu.- shape to be imparled lo the 
work. This includes all the fonni^d cullers of -ill conceivable 
outlines, all gangs of cutters, excepting chose employed for plane 
faces and edges, and .tiso all rouiry cutlers used for the teeth 
of wheels, and used on wheel-cutting machines and on lathes 
with suitable attachments and means for effecting the pitching of 
the teeih- 

In divtaion {if) arc included all forming machines^ whether 
luming, milling, or grinding. Jn these the outline to be im- 
parted to the work is first iTiiparlt'd to a form or former. This 
may be a metal form identical in every respect with the objecl* 
which have to be produced, a^ in the copying kihes, in which 
a swinging tool resL is maintained in constant contact ffjtli the 
revolving form, so pulling the tool to the work synchronously; 
or as in the forming milling machines, by a swinging slide and 
metal form and conical pin, a weight maintaining the laili.T in 
contact while the milling cutter operates on the edges of the 
work ar a constantly nmintaired piiralld distance away from the 
pin. The form or Cemtjlet principle is applied in crowning 
pulleys and to other work. Edges are ground with {C) eraery 
wheels in similar fashion. 

Division (g) involves an apparuntly sitnple Operation, yet ii 
includes a very extensive variety of machines of all sizes and 
designs, some rclaiivuly simple, others very complex. Screws 
arc cut with single cutting tools [A) only. There is one tool 
only, as in the ordinary screw-cuiiing lathe, or there may be x 
group of tools, as in the chasing and screwing lathes. The pitch 
of the screws to be cut may be imparted through change wheels 
and lending screw, as in the common screw-cutring laihe, or by 
means of a master screw, as in the I-'ok lathe and similar stud 
lathe?, or by coercion of a group of dies, as in the chasing and 
screwing lathes and screwing machines. Screws are also 
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duccd {B) with milling cutter^ jind, in somt; cas^s. finished (C) 
by grinding. 

The foregoing is aji entin:t}' naLurii! t: lass i Heal loii of the 
subject of ihc work of ihc machine shop :ind (urnery, ll is 
tibviouSf thtrefoTc, ihar [irensely sirtiil;ir operai[i>ns are performed 
ill tnudhini::) whicli difftr very widely hi name ^.nd design, and 
in j^eneraL funclion from one another, so that if wc were to 
tempt the sH»dy (jf the work af \\\\t machint^ shop sirirUy frtjin 

point of \-icw of iht' character of the operations performed 
ibcfe, it would necessitate the apportioning of similar opcrattorts 
between ^vcral dilTtrenl machinus, ihis hein^, in fact, ^haL is 
being done every day in every shop. The question of the 
choree of ii maLhine Tor any given piece of work may he one of 
dmienMon^T of tlie \\f>\V., or of llie facllflJus which it alTotds for 
filling In one way or anotheti or of the precise dej^ree of accuracy 
fttjuired, or of ^he relative power of different niaehints, or of 
vtut En;ichineb happen to lie at liberty at a f;iven time. Itut it 
i» scarcely pTactical;>le to pursue thest ela&sifi cat ions into o]ieru- 
lioiis when gomg through the details of thf work of the machine 
shop and turnery. We must rather consider the operations for 
which a given type of machine is primarily desi^'ned, as turning 
and the lathe in conjunction , planing and the planing nucliine 
lir^elher ; shaping, slotting, milling, &:c.f in direct association 
with ihe machines for which these operarians were primarily 
dc^ignedn Vet if one should attempt lo consider the functions 
of any single type of machine in full detail, there is much more 
involved than appea^^ on the surface. Though the main tyjjes 
Ate not numerous, the rarieties arc, and th^ dimensions pass 
throui^h a wide range in each variety. The difTeience in cho 
MOall lathe of 5 c^Ih and the heavy break or gun lathe of, say, 
200 Ions 15 enormous, 'I'here are no two details precisely alike, 
and moBi arL- vtry dissimilar ; yt't each is a lathe. The methods 
of doin^ work in each type differ aho in some respects. And 
vhflt i^ true of these £ipp]i<.'S ei.|Ually to othtr machine tools. 
|ji/rL-rvTic:es are doe not only lo mas:^, but nlso to specriilisalion. 
One need not _co back more than fifteen or iwenty yt-ars to note 
how largely ipeciaJisaiion has affected the machine shop. There 
arc tnnny machine loots now which are designed to iierform just 

|iaf tieular kind of operation, and no other, jind ^oniu of these; 
ines are verj complicaietl. An exhaustive ireatment of the 
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lathes used in a modern shop is therefore impossible. But the 
nature of the work which is done tipon all the typical and chief 
varieties of them, admits of description^ and the methods hy 
which such work is accomplished can be explained, and illustrated. 

Other matters also call for notice if we would grasp the full 
scope of the operations which are carried on in a modern turnery 
and machine shop. The questions of quicker and slower ways 
of doing workf of greater or Lct^s accuracy, methods of measure- 
ment, of gauging, division of labour, and others are of too vital 
economical importance to be passed over, l^hese shops are a 
marvellous illustration of the high perfection reached by modern 
labour-saving mechanisms. Many whose opinions are entitled 
to respect hold, too^ that the highesi perfection is not yet 
attaint.-d, but that the possibilities of machinery ar;; capable of 
very wide extension in the future. 

Having laid down the relations of the turnery and the machine 
department, let us now give our attention to Che subject of this 
volume. 



SECTION I. 

THE LATHE. ITS H-VHK AiVO TUB TOOLS. 



CHAPTER h 
The Lathl and (ts Work. 

Dt&ni[ii'>Ti& — Lathe Work m the Gi:nenil Shop- -Cumpnrcd with Ept^ialJAitioq 
— Division of T^iks in ihe (jtTn:rflt Shop — Ropcul WitIc-- Lining Obi— 
Tlic I'ljct "( (he Sdratiint; SliOm;;, ^ml sScrtw-iiuiiiii;' LklIh: — Gcncnl 
fon^idiTiUion*— Dimcn*iicjns i>f [jilhc^Syrmiyiiis — lis Klcmr^ni.s — Thn 
Hfll — Tjijief Tiirmng—Giiitlt; StTt-w — Hart Shikfl — K;ick — n^an^t- (rears 
— llcnil^Uick (i«4.r5 — Uoring — Advantage ijf Special n^^nigii'* — The 
U'liJKicsejf ihtSrandird Ljiihc- -Utiiulavif— Thi: Bed Wajg- L'.ujv— Ilcml 
dock Sini'JTra— S^'li'l i*"*' Hf»ilcm — KnJ Thru.'*!— Ball Thruiii— CciiiiciiJ 
Keck^'-DtLula of flItdiiKis Ltf Fitiiiiy— Ki>i?, — Dctiiili c-f— jSatk Shiifi 
— \ji-Ai\ ScJC«'— Fcnl Rinl— \TicruiTn:LiT Rfu<}in|»!t — Clmngc Wbcol* — 
Muwal-tr Popjwls— lk?*iyn »f— h"»Uinfj lu Jlftl^fjcl-ufCC — Traverse — 
UluQVlcr as (.iBD]*t i'-i Turning. /^ 

IT a piece of Vp'ork is rotalt^d round a fixed ,i\fs against ihe 
edge of a (oolt fi^cd ai a constant radius, and Itavcracd 
longitudinally, or parallel with Chu axis uf the work, a 
cyliiidricid U^x\\i will Iil- praduced. This is lurningf or hi^ring- 
If tht tool is of a certain wrdlh and iihupu, mid traviirseti to a 
definite amoum per tevoluiion greater rhan the width of the tool, 
A sLTi'w is lul. If the work is rotalcd ajjainsl a^ lool moving 
radially, hut 6j(L'd in the longiludin<i[ popiitioii, it \% termed fiicini;, 
or fare Kirniiigs The degree of accuracy ohiained in ciiher case 
mil depend 0:1 5uveial ihings, as on the secure filing of the vrorlc, 
its amount of freedom from v'lbraliont and on the aame conditions 
la regard to the tool. Kconomy result? when, vvilh Ihe fullilmenl 
of thefiCi the D^aKimum of maii:rial is removed in the minimum of 
time. The art of turnir^ is briefly summarised in those few 
wordv And yet the fulfilment of these conditions involve so 
much, that good all-round turners ari^ not readily obtained. 
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The work of ihc laihc-man in the general shop embraces 
V3?^t]y more than it doeFi in iht? sJiops wheri^ high speciali^noii is 
jiiattihcd. In ihc Utter, llic mcii arc skilk-d, it is true, bul 
chietly, or ont>' in the hnndling of one machine, porhap* in doing 
i\\\ har woik produced by lurret tools, or l>oring, or lurnjti^ un ii 
vertical mill, wilh no changes whoever for several days or wt^ukSn 
The result ineviubly is Ihe devt^lopment of ^ different class ijfa^ 
men from those in the g[:ni:rfil ^bop. ^^ 

In the general shop the lathe often fulfils Ihu functions of other 
machines — nut, of course, lo the same extent ihai an aiiuitui'* 
lache doesi but yet to a considerable degree- ll is frequently 
utiliEed for boring cylindrical work, and deep holes, and sealings, 
and for facitig. A ^ood de;d of simple drillinj; is also dune in ii, 
as well a£ a limited amount of ghndin^i or of gear cutting, by 
attachments lixud on the rest. Instead of dividing such tasks 
amon;^ two or more nuiditnest the lathe-man takes charge of all — 
drilling, boring, turn mg, facing, &c., ^within the capacity of bia 
laLhLV 

By the i^cneral shop vit mean that cla^s which includes pri> i 
b^ibiy 90 per cent, of Ibt engineering works in the country, ) 
Miiny of the shojis which are specialised in some degree, and are 
Tiinked as specialists, yet handle so diversi^ a number of si/:es, 
Ciieh in but moderate numbers, that ihey become reduced nearly 
to the level of the general works wfih regard to the methods of 
performing their tasks. In England the locomotive shops may 
ptrhap^ be regarded as the best examples of specialised indoslries, 
and yet the methods of general shops lule to a lai^e ctlcnt in 
tome depanmentK of locomoiive work. A machine lixjl-maker, a ' 
crane-maker, or a pump and engine builder are not sufficiently 
commiLted to one type, and one si^c as to be able to employ 
bjtecial machJnei, excqjling for some suctions of the work. As 
examples of such eompleii- spceialisaiir>n we muM go inio ihe 
smiillarms factories; into tliC sewing-machine factories, such as 
that at Kilbowie; to the Arsenal ac Wool iff icb ; to electrical 
instrument miikets, cycle factories, uiid a few oihera— nil ihe^e 
bemg induilries which lie outside of wbai we yenemlly have iu 
mind when speaking of engineerin]^ works. 

Wc are not blind to the grcal economical advantages whici 
follow on s|xxialisation. We know what it hae done in sewing 
machines, lyiiewnters uid (n small-urms, noL forgetting Jones &. 
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L^TJisoTi Utiles, l^ang lathes, Herbert Eurret mafhinc^i, BdlisUr nnd 
Will;LQ*«> i^cigiiies, ^mong othc^rs. Ijui ihc greater numlier of 
iflartufflclurjng ijiipncera connot specialise to this extent- Even 
il ihpy were mcline^d to do so, iheir ctisiomtrs would not iiUaw 
ihcna lo. And even \v\ ^hop5of the class just ramt'd, i]k- mt'lliodfi 
of Ihe general firms art not entirely abii-nl- TlKHigh ainiilnr 
fjiaces are madt^ in ccnsldciabk i[uamiucs, ihey are often pro- 
duced by the same methods that ivould be adopted in any olhitr 
sloops if similar quaniities wtre being done, assuming, of course, 
ibat th^e slio^js are O-Luipped with well-seleeted tools of receot 
design. 

In tlie general engiriter's shop the work of the lathe has been 
settled within ralhcr prctisc limitiition*. ll is Hot the simc tool 
tct the enginc-er that it is to tbe amcteur. The latter uses rt 
for almost every operation, making of it a universal tool. He 
employs it not only for lurninf;, but for milling, wheel cutdng» 
grindingr a^nd sometimts, too^ as a planer, keju'ay cutLer, and 
t4p grouviii^ looL \\\ the en|?;mcer's turnery, the lalhe is sddom 
employed for anythmg but turninj;, boring, facing, and screw- 
cutting. And though a vasL deal of thi^, too^ has been taken 
away and relegated to oibcr tiiachincs, yet enough remains ii* 
form a very large pro|jonion of tfie vtirk which is dot^e in any 
sho|^ v> thai the luibe still retains the place uf paramount iniiwrt- 
ancc amcng mochini; tuvls. 

The xvork done in the gt^ncml shop by the turner ia sub- 
clitidcd (jctwccn different classes uf men. For example, there are 
men «-hi> altend to hi^avv latlics only, others to liyht ont's, und it 
IK Tcr^ iinii5U:d indeed for men to he transferred from ihL' charge 
of one type to tlut ul* the other. It is not> of course, tliat ihcy 
jla? not ituuhfied tcj lake charge of either at a pinch, but that each 
Jseases rnore skill in handling the type to which he hu^ 
iccustoiDcd than Lhe other does. Tlii:^ i.s jual what might 
Iw cuptcted. Hut fjrihe^ it is a fact that tiome good plain 
turners ;irc not to be trusted with the handhnj; of si:reW'Cuttirig 
Uthc«. They would not he able to reckon the change whecU 
nor lo giJnd or set tht; mols properly. This is elue to the fact 
tku ill iill abops a pretty lMrd-;ind-faM line is drawn licit, because 
only xut maJiy scrcw-cuttiny lathes are laid down as the dentnnds 
of the fchop rt'quirL*, and the plain turning thtfcf<>rL! is mostly 
done- on lAthe^ thai are destitute of acrcw-uiitting tittin^^ Tjkc 
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work thai goes lo the latlcr is only, or chiefly, that which has to 
be both lumed and scrtwcd. 

Again, Ihe nuw typct of lathes which have been cotnmg up 
durid^ from five lo tt?n years \ii\si have invinled ihe central ahtips, 
and conaidcrably modifitd the old method,^. In almost all shops 
;htrL" is a large volume of repeal wort, mostly in the form of 
atudh, pins, aercws, colbib, (langt^a, &c,, and it is in [htrsi: that the 
new liithes havu proved such successful rivals to thij old ones. 
Thc^ are mostly of one of the numerous hollo w-spirdit types, 
and semi-iiuioniatic ^e^crally, raihcr than fully so. It is hecausc 
of the great uiiluies of these lathes in the general shops that the 
dtijiiand for ihem in incrfast^d cjipaciiicPh, and grealtr slogging 
po*cri> has been of so rapid growth. The last word has not been 
sjjid yett for already ve have hollow-spindle lathes capable of 
taking jj-in- and evirn G-in. baiJi. 

I.jilhes for hat work are Ihe most active rivaU to the products 
of the fjld class of whal we may term jobbing turners — men whu 
could turn Lhdr bands succcsAfully to Lhc production of any ^i 
of work. Comparatively little progrtiss has yel been made m 
automatics in the prcivini:e of face \Si\jV, the tooliny of casiin 
and of forginB;s, which are mode in such irregular forma that t 
cannot be produced from bar. To a limited extent magazi 
uitachjiienL-i havr been fiued lo turret lathes, but their uiiJity 
mostly rcstriclLd lo small pieces, and pieces of rather comp 
form. As yei ihey fail to touch materially the work of the gene 
turner handling callings and foIyi^^^^ whelher of lari;e or small 
dimeusiors- 

Ordinary lathe work includes ihreo main chs^ii'S: ihat done 
between cenUcs, face, and chuck work, and screw cuttiitg. To 
[>erronu these diverse operations a large variety of lathes and 
appliances are requisite, because, [hough wanrtd for )^i?[n^ral wor 
onlf, the range of any one cla^ or siae of lathe is but limited. 

In a good many uriied articles there are other operalto 
required, as boring, slotting, planin^f or niil)in}^« in cLddiliun to 
thaL of lurniny. It is often a LiuesUon thi^n which hection shall 
be doiie first. In the event of boring and turning having to be 
performed, as u hole bored, and an exterior turned* both nmy 
often be done at one chucking, Even if ihL hole is of great 
length, it can be bored with a boring bit and suitable ri^-np. Hut 
a frequent jnactice is to boit: a hole lirst and then mount the 



iRfl I 




THE LATHE AND ITS WORK. 



M 



work on a mandrel between centres to efleci ihe turning- The 
adiranlage of chis i^ that both interior and exterior aix; [icrfccil^ 
concentric witb eacfi other Hut if n tiv*t^ hole is bored with an 
ordinary t>ormg laihi: luoli :md no spoc^ial ]>ains [iWen, it Is almost 
£ure Eu run out brgc^r al the back i:nd» .ind when fitted to a shaft 
it will throw the exterior oui of truth. 

A grcai deal of turnc-d work has to be lined nut on the 
marking-ofT tabic- Bui this occurs chiefly vben the turning forms 
but one rti^lion only of the tooling df>ne on a casting or forging, 
and vhcn, thtirt^foref the Luming mu^t be located owelty in 
reference to other parts, centres, or plants of the Job. The 
fuming circles, then, are not only marked out, but cenirt? p(J|)[ietl. 
Often a second circk 1^ struck and ccnlrr^ popped concentric 
with tht (irsE, to be left remaimng mtact when the actual turning 
or Iwring is done, as a witness [hat the line has been worked to 
truly. 

There are many methods of executing turned work, and as 
manx 'standpoints from which the subject may btr regarded. 
Kven if wo omit some machines which are popularly lernied 
" Uthes " from the category, there yet remains a rormidable 
number of types, and of operations to be Lun^idered. Very 
browll)-, we may divide these l>pe& into (i) lathes used for 
gencnl pLirf^jsts, :jnd (3) luthfs employt'd for special functions 
only or chiefly. The firsl-named includes the common "self- 
ading sliding ^nd screw-cutting" type, the second eoabmces 
tetvccn two and three doicn diffL-rent types, each having Jts own 
well-marked characteristics- 
There are two essentials which underiit; the diverse forms of 
luiichine^ used for turning. One is rapidity of operations^ the 
otficr accuracy of results. To these everything else is subordi^ 
natc Thus to lake a few examples by way of illusiraLion, The 
i:^inAry sdf-aciine sliding and scrvw-cuttmi; lathe, ftliich in it* 
eMnlial elements is now about u hundred years old, is a machine 
in which nearly every opemiion of the machine sho[i can l^*? 
pcrforn:cd- Put there is no modern shop in which this lathe 
is mado to fulfil all thesu (unctions, simply because it dees not 
jfty [ij do ihem in ajiy single machine. 

Tberc arc various reason,s why such crowding; of miscellaneous 
work on one machine does not pay, First, heeau^ie no single 
lithe is capable of performing sevcrral classes of operations, alt 
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flE tlie highest rate of speedy and vith the degree of acruracy 
which modi^m rcquircnicnls di^mand. SlcchjU. because ihc 
worJitnar hinisclf does not fjo^sess ihat Faolity of manipuUtion 
which is re(|i]ireil by ih<: man who ptrfurms one kiiitl iif rask 
only. In these two main reasons many subsJdiaiy considerations 
arc involved. Henre it follows thai the common self-acting 
sljciingancl screw -c Lining lathe is a machine lool which is being 
pressed hard by others derived therefrom. Urudually much of 
the work which wj^s formerly done upon it is being relegated to 
other machines of which it is llic parent. It remains, neverlhc- 
]eb»i the mo^t important* as il was, ihe drill excepted, the earlicGt 
machine lool in exisLetice. A "itudy of its ranj^c of ca|Mbilitie5 
and of its limitations will afford the best prelude to a survey ol 
the e^ifeniial designs and special capabilities of other machitiea 
derfved theiefronu 

The leading dimensions of a lathe are the following i — 

The *'ceiurei,'' signifies the distance from the top face of 
the bed to iho cei:tre of the spindles. English and Contliiental 
lathes are de5tgnated thus, but American by l*ice the centres, 
or ihe ^^swij-ig," in other words — the maximum diameter which a 
lailic will carry over the bed. A latbe will take a little in excess 
of its swing, due to the work dropping into the space between 
ihe ways of tlic bed. But il swings considerably less fjver the 
carriage, and still less ever the rest. Same American linns slate 
ihc suin)^^ in each cai^e. It Ls usual in English lathes Co give a 
the hwing, ur diameter which can be turned in the gap. 

The ^'length between centtcii" is the maKimum length that 
can be carried between the points of the head?tock and loost 
poppet when the latter is moved tight back to the end of ihc 
lied. The maximjm capacity of a lathe tlierdbre i^ reckoned by 
(he height of centres, nr by the swing, and by the greatesi length 
of worlc that can be held between centres. But as the slide rest 
stands up from the hed^ this height of rest governs the diameter 
of work that can be turned belween centres. Tbe full swing cau 
only bi: carried on [he face platc. 

In break lathes tbe height of centres is given to the lop of t 
movable bed. The capatity of wheel lalbcs is the diameter of 
the wheels which can be Itirned, and also that of ihc face }>late. 

Various synonyms are applied to iilmo^L all the laihe parts. 
The following will be used indiscrimiiiately m this work. The 
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lop of [he bed 18 lermed the shears, and [he ways. They support 
tht hcadi>tooV. and niovJthlc poppet, and retain the axes of chcir 
Tc^fi«ctive spindli?s in line, in whatever pc»sltion ttie poppei may 
lie moviMi alon^: the lied- The headstookT which U driven by 
the stepped cone, Is also termed the fast head, and the fixed 
poppei. It carrifs the spindle, live spindk-, or mandrd. The 
movable head?tlock is also termed the poppei, the movalile 
poppet, the loose popptt, the lailstock, and the lai]biock> Tlie 
baw of the rest is lemifd the saddle, and ihf carriage. 

A sclf-acling ^iiiding and ^crcw-eutlinie: lathe is primarily 
desigDL'd for turning' parallel surfaces longitudinally, for surfaring 
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icTOSs, for boring, and for cutting all screws ihat come within ils 
raftgr. The comhinatian of thesu fimcnons in oml' machine 
mvolve* several conipromiscs, at»d comjaromiscs are not desirable 
in luachinetool design. I'1gs^ t and 3 will enable us to gnup 
alt tht? cssfulial elements which undedie the construction of the 
atAndard bthe. 

A typical Jilandard English lathe of 6-in. centres is shown in 
Fig, T, hy James Archdalr & Co- Ltd., of Biiminghuju. It is 
fully equipped for scLf^cting sliding^ surfacin;^, and screw cutting, 
with lead screw, back shaft, and rack. Hirt besides this it is 
Qi^tkcd by some special features. Feeds for ihe back shaft are 
changL-d by the lever seen below Ihe headstocfc without stopping 
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the laihe. The back shaft is driven by gears instead of by \ic\X. 
There is a ijuick ftithdrirtal iiiovtmetiL to the tu>l for use whcl^ 
screw cutting, the rack is of forced stcclj instead of being cast, 
and ibis and nil gears are machine rtit. The lead screw \^ pro- 
tected with a long cover on the culling side of the rest. Aj is 
usual m English practice, these lathes are supplied with or n-ilhout 
gaps, but ideniical ir sll other respects. 

Fig. 2 is a heavier lathe, of higher centres, 12 tn-, by George 
Addy, of Sheffield, ll is completely et]uipped for screw cutting, 
and with Imek shaft, aiid gap. The ln-d is cjrricd down below 
the gap right to the grouiid. The cone;; ore large end wide, 
and the hend i*i powerfuify gear-^d fnr the high-speed steel*. 
The back shaft is gear driven, and four changes arc obtained v-ith 
one set of wheels, Feeds are controlled by iht; handle in front 
of the hi:adstock without stopping the lathe. The loo^e hc:id 
has provision for taper turning- The lead screw being heavy 

15 supported about The middle of its k-ngtb In a tumbler bearing. 
And in accordant with present-day practice, the rack and the 
churige wheels arc inachine cut. 

Taking iht'^ as good types of modem English lathes, suitable 
for general work, let us go through their points and note both 
Ihc adaptabilities and the shortcomings of aU standard lathes. 

In iht- first [ilace, ihe bL'd is ii rumpnimisc. It is used for 
turning work of all lengths within its range- But since on most 
lathes the turning of short pieces predominates, beds are subject 
in gnrater wear by reascm of the movemenl of the saddle of the 
rest in the vicinity o^ the headstock, than they ftfo at positions 
farther away. Again, work, of diameter larger than the normal 
swing of the lathe over the bed can only be turned by cutting tht 
bed to form a pap which has to be hlled up when the j^ap is not 
In servicer The fitting, if imperfett, sometimes interferes with 
the accurate turning of ordinary work. And ihe gap b<:ing of 
unvarying width, is sometimes too wide — the rest overhanging 
unduly — or too narrow to take a particular job. Though in the; 
work tomed in an ordinary lathc^ short pieces predominate, ycl 
it often occurs that axles and shafts ^>eyond the range of the hod 
have 10 he turned, for which special rig^-up are iuinctimes made 
on ordinary lathes, but which are only of the nature of niake- 
shifts. In these particular directions, then, modern practice 
embraces the following : — 
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lyithcs with very shuri beds, i^wd. so to speak, **all gap,'* to 
be used only for facing, snd for the turning of shon edges. 
Lathes wiihouc gapfi for the tufning of work only wfEhin ihe 
normal swing twer the bed. Lathes with long beds, oilier ihaii 
break lathes, with sliding gaps capable of afibrding varying widths 
of upening lo suit jobs within a wide range, Ladifs wiili diiplci 
rests, carrying two or four tools. To turn £t masaivc piece 
work which cannot be done beyond a very slow ajwed— perha 
say, IHO cr three levolutfons in a minute — the single tutting tod 
is far too waalefu! of time, and combinations for the use of two or 
even four tools are then an econoniical necessity. The samt^ 
remark applies to long work of small dianieler, driven at a liigh 
speed : hence the epecial shaftj and asle-tummg lathes have two 
tools operating at once, or provision is made for turning more 
Chan one shaft at a time. These lathes alao have specially long 
beds for the turning of axles and shafts, combining special 
suppoilii to steady slender work against the stresses of cutting, 
besides provision for using more than one cutting tool at once. 

The standard lathe cannot turn long tapers^ nor ccinvex 
and concave buifacc^s automatically. Shoit tapen }>uLlabIe fi 
^ston-rod ends, and friction cones can be done by slewing 
tool holder of the slide rest to an angle. Some few Lnthes ha 
the movable poppet made to set over foi turning long ta^jc 
but thai is not standard English practice, though adopted to 
limited extent here. Two types of special lathes therefore oc 
In modem practice — namely, taper-turning lathes, tn which long 
capers are turned l>y means of change gearB placed at the right- 
hand end of tile bed, or by a slide, actuating the cross slide of 
the rest ; and crowning, or pulley lathes, \v^ which a rest having 
a curved guide controls the movement of the tool. For turning 
other curves and any oIIht special profik forms, profile lathes are 
used to a slight extent. In the common lathe all such fnrms arc 
turned in a tetuaiive way only, often assisted by means of tem- 
plets and gauges. 

Looking row to the essential mechanisms by which the au' 
matic movements are imparted to the tool held in the post of I 
slide rest, we note two — one longitudinal, one ImnHverst;, and 
operating on<; tool only. Thtrre are three agencies by which the 
longitudinal movements are imparted. One is the lead, or guide 
screw, another the back shaft, the third fi rack and pir' 
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actuated Jiy a spindle; ajid each h operated diTecily from the 
cone pulleys in Ihc fast IifinisiCK^k. Tht^ movi^meiit for cross 
iraverte is auiomudc in one only — naindy, from the back shift, 

Tho combrjiaiion of all these movtinenti m one lathe U a 
uJinproniiiii;. It ftjuUipIic:^ llic ^c.trini; and thi; fitLinj^s^ and the 
care tictessary to ketp every detail In order. The guide screw 
b intended to be used only for its legjliniate function, which is 
the cutltng of SI rcws, A^ a master scroti li is mosl dcsimbltj 
thai il be maintaim^d in a condition of absolulo perfc^ction. This 
is the n-a*ion for tht imruduction of ihu' back ^hafl, and uf the 
nick ai\d pinion» which alwnc should be used for ijlain turning. 

There is a ceriain facility which has lo be iicquired for the 
cutting of^iccuialL- and deau scrcA's, which iisu^illy reli^aic& ihis 
elrtsi gf work to n distinct body of men jn llie turnery, and hence 
the leading screw ts commonly amiited frnm the bthes in which 
turning only is done, and the laihe is corTC5pondinj;ly simplified. 
Those lathtrs havL- the back ^liaft and rack, and Ibrm the Lar|;e 
class of the ■^scirjidiag sliding hthcs," 

Whei] such lather have to be occupied wholly ur chiefly on 
jjWn (jfiTallel lurninij, then a^nother step is taken^ and duplex 
itsts fvir two> or for four tools art often introduced. Tlii.- larger 
the Ijithes and the heavier the work which they have lo perform, 
tlM." ^^jJter U ihe j/:iiii by the duplication of reikis. In laihes of 
large swidkh ^nd shurt Ijeds, — the face and lyre lailiL'i— four tools 
may often be cutting at onct, either wbolEy turning, or two turnings 
«n<) (WO boring. 

Since the pitch of any screw to be cut is obtained by ilie 
ratios etfecied hy the substitution of cliangt: wht^els at the left- 
hand tnt] of the lathe, the ume needed lu i^ITe^cL thesu cli^nige^ la 
too im[)ortant an clement to be diaregardud In the co^c of 
numerous and fre<|uent alterations haviny lo be etTected. For 
»uch cuM-'S. laLlic^i are constructed in vchieb for cadi piLcl] 
n3]uired» a master screw is provided, hlliii^ by a sleeve on the 
end oi the rod to which the tool bolder in attached. These are 
vb*iou±)y suikd for the cutting of short icrcvpSj sjch as those on 
txtiler *tayS| the length of which does not exceed ihe length of 
tht- master screw. In the screwin^i machines proper using dic-s, 
Other methods arc adopted. 

ThtT value of the ordinary screw-cuiting lathe lies in the wide 
nngc of pilthcs which can be acciiralcly cut on lon^; -shafts. 
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Ttie possible combrnations are very gteut. Any screw sectiom 
can h\i iiiipried liy j^rinduig and ^ctling llii: lool suiulilyn and 
any diamcLcra wilhtn lKl- swing of the lalhc ; and also screws of 
single, double, and treble threads, and of even, and fractional 
[jLicljua, 

The preservation of the leading screw for its proper function 
i^ so very important thai iis use would not be [JurmitlL'd in a good 
shop for plain turning. Uut a gooU many lathers are coJistmctcd 
in which tht screw is modu to fulfil both functions, by the simple 
dt'vice of keywayiiig ii throughout iis eniire Itugih, rht? keywaj 
then being used to actuate a set of gear for funding only^thc 
c\x%\i nut heiiig thrown out of c»ngaj^ement the while. This is & 
practice which is not lo he rtgardfcl favourably, and tht: majontjr 
of lathes in America have the feed rod disunct, only it is pUeed 
not as a back shaft, bui in front, bdow the leading screw. 

The change gctit^ are operated from the pinion on Ehe tail 
end of ihe htradstock mandrcK The mandrel IS| as a rutc, solidp 
iind renders IhL- lalhe, theieforej unsuitable for the cconoraital 
turning of numerous similar short pieces of wi;>rk, as studs and 
pins^ and for the use of split chuclt^. The turning of pins and 
^tuds bctwi^cn centres is so slow a proce^^ thai mo-si wl ^rk uf thii 
kind is relegated lo the hollow mandrel lathes, of which numerous 
kinds art obiainable. These are generally fitted wiih a capsuti 
rest, holding front four lo lialf-a-doitii tools, and have lon^; Latcn 
the placL" of the solid mandrel lathes for this class of work. 

The power and speed availaliL* lo drive ihf lailie-ire constaiu: 
but the power and speed required to opemte the tool are variable. 
The variations are obtaijied by the stepped cones, and the back 
gear of the headriloek. The quick, driving for lit^hL work lakts 
place directly from the cone on lo tht riiandrel, the baL-k gear 
being thrown out ; the slow driving for heavy work from tht: bmdi 
pinion and its wheel to the front pinion on the back mandrel and 
the from wheel on the main mandrel. The gearing, however, 
gives hut one differtrnce or step, btit the three or four sleps on the 
cone puUey afTord corresponding gradations of the speeds. Several 
modern lathes include another set of intermediate gears, while 
nearly all heavy lathes have a set of gears eJicecding in powt^r the 
standard ratio, hcncc termed '^ treble geared lathes. " In some of 
thbSe the power required is so great chat the gearing is arranged 
in quite a differeiu manner from that seen in the figures, the conea 
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We^nmoved from ihe main tnindrel, which is then driven frfiic 
gC4r set on the periphery' cf JLs face plLttc. 

The back shaft is driven direct Ihrcugh the cones, or through 
cones and liJtck gear. Thu motion is trinsmiHeti from the 
cither tlirough chaiipie wheels, or throuyli ^ belt driven 
The f<jrmer is tht' usual practice in the smulier lathes, 
the hllcrr is morii frequent in the larger ones. In both cuses^ 
rc\vraul of the direction of movement is provided for hy means 
of a plate currying itt'o wheels — one for running directly^ tho orher 
iiidJnxtly, fruni tht^ mandrd. 

The lathe used as a boring machine is noL so suitahly equipijed 
for ibai function aa the special boring machines Kor boring 
from the sltde rest the tool is iaaufftciuntly supported for deep 
hules. Kur boring by means of a hax and cuttijrs, the wurk has to 
lie ngycd up on the saddle wich some difficulty. The latter has 
no provision for elevatioti and depression, so thai the ran|;e of 
de|Xh which can be got on the lathe is extr^'mcly limited^ It is 
not Ci^ay to support a slendtr bar nL-xt the work. No more than 
one hole can hit bored at a time, whereas it is often desirable that 
two Tiolcs shall be bortfd simiilraneciusly. To txire a cylinder, 
lliercioTCi on sei ordinary lathe i* a praccice pretty nearly di&eardwJ 
in favour of llie use ol spijcial boring machines. These often 
Iwre, in medium -si«;s, a pair of eyiinders at oncL-, in brge 
w*e^ a single cylinder only, hut with \\^ a\ia set vertically, so 
that the cuttings fall down clear of the tool, and the casting 
doA not sa^. 

In rdcrence to accuracy^ a laihe which is used indisf:riminatcly 
for all purpose*, cannot bt e>pL-cied (o produce resuUi so good as 
those vhhidi ate produced on special iiidchines- Roujid eveiy 
TDnchJnc msmy special tools and appliances, gauges and templets* 
aeeumubte in time, all itnding [o im readied accurai-y as well iis 
cheapness of production, and the aiiuidants lejrn to do out: ihin^ 
wvll. But this apart, the design and construction of special 
machines tend towards iniprtivud resiills, When a mnLhine is 
doTgned for exceptionally heavy duty, the framework, the spindles, 
and the gearing are made of excepiioral dimensions and pro- 
jHwlion^ li> ^vittustand not only ctiLlint; ^ilresstj^, but vibratory 
rtrcASca. Every specjal machine is fitted with dei;iila which render 
it more complete and capable of producing a higher decree of 
tnith Elian any general ms^chine is capable of. 
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Having observed the prlncipa] functions and limilations of tlic 
stan<l:ird self-acting sliding and screw-catling bthf, we are in x 
jjoailLun to considt^r the kudiltuus dctoik uf standard Jallics, uild 
their utilities in the general shop chiefiy^ 

Considorin^ ihi? lathe in detail '. — It is seldom jiididous ro 
select a short lied. It b better lo exceed the stajidard longths by 
u foot Of two, for even though the extra length may be seldom 
wanted^ >tl lliLTe '\l is when occti^ion arises. It is a ludiaus and 
costly job (0 ti^ up a lumporary trxtcn^iion of a lathe bed. The 
standard length of bed in feet is usually equal to the ht^ight of 
i'enLri?» in inche,'^ thus djat for a 5-m. lathe: is 5 ft. It is huzU-c^r to 
have one of 6 ft., or even 7 ft. would often be desirable, 

rht' question ofvee'd or of flat ways is, I [hink, rather ^ minuT 
one when the modern jji-thcs of the best makers arc eoncerncdH 
Flat :ihdes wear longer, but a slight amount of wear ol the faces 
and vee^d ed^t-s, and of the inn(.'r cdgL-s and inii^Uf in die iiL»])pi:^ 
base, throws the parts ouL of alignrnenC 1 while with top vees the 
wear is uniforntly downuurds, the ali^rment remains unaflected, 
and there is no i:ross working;. The height of centres will \k 
affected by wear, and the aliiinment in that direction will ho lost 
sooner than in an English liithe ; but that is of less consequence 
thun Iljs^ \f{ alignment in tht; hori^ionUl plane. Since, htnvevcr, 
the modern practice of the best lirnis ^^iv^es thi: eorriai^e;^ a lottg 
and a continuous bearing on the vec-S ihe we:ir is dolayed for 
an tndelinLte period. 

The gap lathe is a EenaciL»us Jitirvival from the pasL when a 
single Ijlhi: was expected to fullil many functions. At ibc 
present tinic it is of less value than formerly. This is partlf 
dut: to inorea^iiig specialisation of work, partly in conso^^utncu 
of practical ubjectious. There la a broad national dltTercncc 
alsO| !iince while the gap is diiitmclly Lnngltsb, it is rarely included 
in an American- built lathe. 

The arguments in favour of the gap are these: -That l>y iw 
liniploymeiit work of largi:r dianieter than that which con be 
swung over the bed tan be lakeii- In most caiscs ihe gap just 
doubles the diameter which can be turned. This is con.sidcrcd 
tc be a great convenience in English shops on the ground tlial 
the geneial hand is ubL' Lo deiil with a widi' range of wurk, l>i>th 
lar^-e in dianicier, as well as lonj^-, when his lathe liiis a gap bed- 
It often etiables a man to carry a piece of work right through. 
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which would otherwise have to be divided between iwo men. as, 
say, ttimtng a lengfh of ■vhafting, and h% pulley, or a pifton, anJ 
iis nx!. 'I'hr gup ktht-MS liirrKfiirt cif imdoubted v^\\nc in shi>|js 
which do a general class of work, and paTticularly in .small jobbing 
finns where the tools are limiied to a few lypes. TheSL- nre 
strong point?) in rtvoui of thib L) {tc of \-ted. 

ObJL'Cliona to the ^ap are thai il is only of [Kirtial Viiliie 
lieraiise h^ length is limited lo .a few inr_hes, so that any thick 
piece of work of Urge diamett^r cannot be got in- 'ITie oj^e 
which appears to be most serious at first sight is. that the gap 
weaken'! Ihu tied by l>t*aking its conijnuily, and inlL-rferL-s with 
lUming ordinary work held l>ctA"ccn centres, where the carriBge of 
(he rest has to be brought up close to the headst^iek. Though a 
filllng'in piece is insfitc*! in ^uch a case, that is liabk^ to spring 
nut of truth with constant service, atid interferi; with the perfect 
operation of The rest. 

These objectiojis are often morr theoret!;:al than real, but then: 
is a basis of fact in eaeli. Vet the ^'ap is ^o valuable that it is re- 
EAiTicdTand iheabovhrdilticultieRare gotovtr in variousway?^, ihust — 
To iiicn:ase the *idih of gap, lathes arc constructed in which the 
mdlh can be varied to suit work. The bfi^akinj; of Lhe cor- 
itfiuiiy of the bed receives compensation in good desijin^ by 
carrying plenty of metal down bdow the gap, or by bringing 
rottal right down to the ground in Che form of a supporting 
leg beneath. Widi regard to the springing caused by the 
ordinary bridge pieee^ this is mininii^d hy ttttachiiig it in canti- 
lever fashion by one end only. 

\Vh*Jiher a hi^ad.slock spindle shall be solid or holloiv iii a 
i|iiestion whif.h requires consideration, and the answer tnust 
depend an whether thert' Is a considerable section of work likely 
to he done for wlikh the liollow spindle would be advantageous. 
MAny hollow spindles are ton smnll to take a hole ihat will 
adEJiil a really useful range of work- On the other h:ind, in- 
creasing (he %hti of the spindle adds to the sixe and weight of the 
hofscs of gninll chucks. Few hotlotr spindles outside the regular 
hirrel laihe^ have any arrangement for gripping rods at the rear m 
well as at the front end. rheae two imperfectionp limit consider- 
ably the value of rhe hollow lype of spindle as ii^u.illy applted to 
the common lathe. If a spindle h made hollow the hole should 
at leost be of a serviceable she. Note should also be made of 
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tho volue or othorwisc of llii? arrangements for taking end IhTUSl, 
A ftw spiiiflJes of ihts t^l.iss have the end thmsi lalcen by 
hall bearings, others by shoulders. The present tendency is 
ui^doubttdl)' in favour of hollow spindles with ball thrusts, ar^d 
if siiimbty iimixinioncd and wcrU fined rhcy ofien stnt? useful 
purposes on ihc common lathe, The hollow spindle ia of 
service in cases where a good deal of stud and boU turning is 
d^ne from the bar, bui for occasion:!! wort of [his kind the grip 
chuL^k on a solid spmdlo is suj^cit^nt— lengths being cut from the 
bar for insertion tn the chuck. 

In recent years an immense number of EnRlish lathes have 
emhodied this design. Fig. 3 iliustrateH a lypical head of 
this dt^ign. The convenience of being able to put in a bai 
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from the hack, lum, and cnl off in successive lengths, instead 
prep^rinfi a number of short lengths and chucking each sepnrat* 
outweighs any disadvantages due to th^t absence of ihc brii 
at the rear, !vnd the thrust pin, which latter is done awav wTl 
^nd an even betier forin of thrust siihstiruied in modern laihos, 
A hollow ^ipindle involves larger bearings, and this ih a benefit* 
beeausemoredurableand steady than snail bearings. 'Mie hollt 
iipindle also permits of the use of split chucks and plungers. 

The question of taking up end thrust is more ^ini|ilc 
solution in solid mandrek than in hollow ones. In a solid tyiw, 
either a |Hiinled lail-pin is used, or a direct end Ilirusl taken 
the l)ridge pin, witli or without washcri;. In the hotlow foi 
some form of collar, or a ball race is esuenllal. In Kig. 3 tl 
end thrust Is received on the front and bacit of thecollarA, 
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wear bdng taken up hy the screwed tx)llar n and lock'niit c. By 
ihb iirrangen^cnl the adjustmcnl of the mandrill is not oUored if 
the ktiei uei5 waroi while running. The friction wajihers and 
surfaces vo hardened, and they run contmuoj^ly in oil in the 
chamber. 

Ball ihrustTt arr fitted to n hrgt: extent in small 1afhe<;, and 
ihcy answer admirably for this purpoac, making the oporalion of 
drilling very much easier, 'Ihert' it> doubtless Ultle to choose 
belwt^n a wdl-made collar thrust, like that in pig. 3, and ;i hall 
itirtist; but the latter will run wilh lc:ss attention, and will at^nd 
more dirt, just as in a hicycle, it will run for lengths of time 
wilhout Attention, during "hich a plain Ijcuring would be ruined, 
if not oiled and cleaned or protected from dirt, 'rhi::rL" arc two 
nltenw-tive positions in whirh the hall cnllnrs are fitted^ in Troni 
of the front beating of the hcadsiock, and 
in front of the rear ditto. The latter poRiiton 
a/ToriK mon* security from access of dirt and 
cuttings ihiui at the front, where the turning 
is do^ to the bearing; but this may be 
compensotLd ti^x by adequate guarding of 
the Ix-'arin^ with overhanj^iaj; flanges. Both 
types of grooves are used for the hnMs — the 
vcc'd and the concave, and another form 
shovn in Fig. 4 is adopted to a eertam eittent. 
This shows the ihniM taken before the rear bearing, one collar 
bdng checked into the bearing ili^htly, and the other forming 
one of the nuts which serve to hold the bark-gear pirfnn in 
[ilacr, Imth tto^hers beinji of course hardened and groumL 
Another plain irollar at llic Ijack of the bearing keeps the mandid 
from endlcng motion. 

A solid miidrtl wjlh conical necks running in hardened 
inccl eone^ is the older standard Engligh design- There is 
p«th9ps not much in cboo^^e bt^twteii steel and hard bTon/;e, 
iwi preferably \\ should be the former- Conical rather than 
parxllol neck*; seem more suituible for i^thes of limnU dltntnsions, 
notvritt I sta tiding that the paralH necks in brass birarings are 
better for lathes of above 10 or 12 in. centres. Mucli, however, 
depends on the excellence or otherwise of the fitting and on the 
quality yf the materials. Several leading firms make good hthea 
with broriie Ijeaiings ; some, too, give choice of either type. 
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a very iivifiortant 
^nd a [jiircha^LT must deporiil [^really on ihe reiJUlnlion of ihc 
iiiaimfHrtiirin^ limi in this matter. Tn say ihat mandrel neck* 
arc of hardLTiL-d stL-el, p-ound imo harden ed-sled collars, does 
not give iibsoliiie assurance of accuracy or durability, bcoau^c 
these depend on \hc qualJiy of liie j»krl used, decree of hardeniuK 
Jni|>artcd| and the way in vhich the grinding is done- Practice 
varies, mo. In some high-class lathes, spindle necks are noc 
hardened, but a specially hard and rough quality of crucible 
stt?ot is used, and this, when Lurniid and groiintl, is suffieieiilly 
duTablt!. So hard and lough is st^me of Ihcr sieel used in good 
lathes, that from three lo four days of lathe work v,'ili be occupied 
in boring and turning a single hollow spindle. Other j4;ood 
lathes are fitii^d with spindles of wrought iron case-hard eni^d, 
and these also ^xvn ^ood results. A fuw of the best American 
small lathes havt .^leel spindle^i hardened in mercury, and ground 
with diamond dust, but this pracliec 15 e\ceplional. When bron-^e 
beJtTings are used they are generally speeilied to be of '^special 
hT(m/e," or "hard bron/A" or *' hard t'UTi-'nelal," but here, [ 
the purchaser must depend on the honesty of the manufaetut 
For these reasons, therefore, the best assuranee of good matert 
and ;\oTkman.ship )s the reputation of a gotxl firm, and X 
paying a price corresponding "ith the character of the maieri 
and wortmjinthip eipeeted. The lie'it fiiltd spindles do noi 
show any sensible wear for many years, while poorly fitted on 
run hot, and became abraded sometimes within the first fi 
months. 

I'^ij-. 3 has the bearing necks haidened and ground, and 
the hole for the coned centre is ground after the spindle is 
assembled in lUi bearings. The :>pindle iitrating^ are of hard 
phosphor bronze, spHl, and coned on the oulsidc to permit of 
taking up wear, which is effected by the nuts ti ir. This is a 
varialLOn from the older practice of fiuiaj^ spindles In steel coned 
hushes ; but there iti no doubt that the hion-:e bush ivill uUmiaiely 
drive out the steel one from use. The latier is more costly, and 
if not made excellently will give much itoubk. while, as to wear, 
a phosphor-bronze bu:^h will last for a surprising time before ever^ 
any slackness makes its aijpearance. 

The ccne pulley is turned inside as ^vcll as out ; the ba 
gear pinion is a stp^rate casting fitted to the bore of the cone, 
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with a long boM and key. No spanner is required for locking 
iht' fnmt-gfar lAhet't juiil fijjmdlc to ihe cone pulley, a sliding 
siml u with milled head being providtd for the purpose Proper 
provjfiion IS m:ide for lubricaiion everywhere. 

In the sL'tcciion of ihc resi^ ilie Knglish rnmpound tyj*. 
nilbcr than Ihc AniL^ricar type» or thai vrith Ihc ri^ie -and Tall 
dci-icc, i« 10 bf fecommcndt'd— if lhi*re wure ro other reason 
llian that because ii |jerniiL& of heavy and Jeep borfn^, 5uch as 
cannot lie done on the- latter. And, besides this, Ihore is Cht; 
fact thai ihe longiiudina! feed of the American type cun only 
be effected liy moving the tnlirc L'arriage. *vhich dues not lend 
itself to delicjjle movcjm^jms, wtide tht; Knglish has the advanla-^c 
of pcrrniliing f»r miniili:! ftcd^i liy hand, o|M?Taiing ihe lOol slide. 
The four bolls on the latter, or the clamping plate in ihe amaller 
siies are immenstly belter in several respects than ihe liUle 
slotlffi tool-post of ihe formiJL The Rnt[li.sh rest Ls mtire jdapi- 
able to the employment of the various tool holders, ihan ihe 
Araerican is. Also, a piece of work can ht much more readily 
Uilted doun for boring, oi drilling!;, or milling, &Ch« or the 
Lnj-lii^h carriago than on the other, This is partly due to 
iht- necessary thinning of the American slide, caused by [he 
niwd vces : while the English lypc with flat b^ allows a 
greater thickness of melal to he put intti ihe saddle at a very 
vitaLpan 

"lilt Ihisc <A a rest should hi: graduated into degrees for 
turning laptrs, and boiing-in nt definite angles- Friciinn or 
clutch feeds should be embodied for llirnwinji ihe sliding and 
■Diiadn): motions in and out instantly. Il la advantageous to he 
ible to run the cross ^lide off iht carriage at the baclc, leaving 
the laller clear for boiling work down lo for l>oring. 

Sometimes it is wjl to select a laihe in which ihe feed rod 
and lead screw are both in front, and with autornaiic stops, and 
ihrow-oui. This arran^eoienl is advanlagcous when lai'gc numl^ers 
of similar pieces have to be turned and strewed of esact len^ha 
tjp to shoulders. It is also someiimes handy to have lead screw 
MmI feed rod connected, so that the same- change-wheel train 
tin be used for both. It is convenient to be able to feed in 
ihni[5and[hs of ;in indi pre<:isely, and without measurement, and 
thb is embodied in the real slides of many lathes. 

The use of micrometer readings on the screws nf the rest 
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i-,]i*lcs is in growing demand, Givun iriiL* screws working with 
backlash, micrometer divisions on a disc, or on the spindli; 
fij)ve a greit deiil of time, and calipering in any work, m 
particularly in thai ofa M^h-closs character Many lalhc^-nuikera 
supply Ihi^ftc with ^raduationtt fiiiiled lo purchasers' rL-quirementi, 
the ii*iU^l divi*iion*i being inro ^j^ty- fourths, anii into ihousandihs 
(if jn inch, the vatuc of which when combined in one Ulhe can 
hardly be overrated, Slop screws as fitted to most American 
rc^sts, and tc? many English nlso, art dt;i*irablf-. as saving timt' 
otherwise occupied in checking hy calipers or rule. A quick 
withdrawnl motion to the top lilrde of the rest is filled lo many 
i>r iht? l>csL lathes, and is usefu! for arresting thc^ pro^rt^ss oft 
tool t|mckly. 

A burning question is ihat which concerns the nrrangtment 
of chanj^e wheels, whether the lime-honoured train with ihc 
swing plate, or the nest system, oF which so much has been s 
in rereni years- The nest pear5 are now inchided in a g 
many imall lathes. The objections which have been made 
this system on the ground of the rapid wear of the small ge, 
is not borne out by experience; ndlhet would this couni 
much in iLgbt lathes doing light duty only, and, as a matter of 
fnci, these gears are largely fitted to heavy lathes also — n 
only lo ladiL'S, hut to heavy milling machinis, hcavj boring mi 
and other machine Cools. What is good enough for these 
certainly good also for lathes of 5-in. or 6-in, centres. 

When numbers of frequent changes have to be made, 
Hendey-Norton lathe, or one of that type, should have ihe 
preference before one In which gearing-up has ifi be done or a 
swing 4)late, For rapid changcfl in scitw cuuing, when ^horl 
screws, and gas threads arii concerned, the Knglish method 
change wheels is clumsy and slow. It is suitable for long sere 
or for the rLptlitive manufacture of similar short screws. In f^icc, 
in a good many heavy turret screw-cutting laihes the ordinary 
arrangement of chai^ge gears is adopted^ And often some daj 
may elapse before any alterations have to be effected. But fi 
the variable work just now mentioned^ no one can afford 
wiL^Ce time in effecting several distinct changes in gear in 
course, say, of a few hours. 

The que^ilinn nf hack gears of finer and coarser pitch for li 
and ^cond motion wheels need not influence one's choice. 
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Ihcory this is the proper arrangemenl, bul in praeiTCC it counts 
for liltlc or nothing. 

"LTic movaljit [joppcl shouM preferably have the front edges of 
the brackets curved mwards to ck-ar the handle of the tool shde 
when workiiif; in line wUh tht bed, \\^ in h^ig, 5, VdL ihe 
bymmcErical form r^^tains its place in a considcrahlo pro|>ortion of 
the Ulhtjs niadc now, the t-itceptinns twini- coniparalivtily recent. 

Agiin^ tnsitfii] of llie scrt^w-bulL ftrdamiiin^ ihc [loppet down, 
A caiTi Atith a lever answers the purpose as well, besides being 
quicker and handier Thi*i arrangement \% shown in Kig 5, 

Anuthcr |ioint in somt lathes is the fitting of tht poppet 
loosely to the hcd^ the latLer h.ivm^ an 
iiweried vee — the original ScUlt^ dos^ign 
-^so that cl.iiuping down the popptt 
pulls the washer plate up to ihe vof, und 
the pnppei tongue to one side of the 
1>cd always, so thai it» alignment re- 
main* uiiim(iaircdf evtn ihouyh the 
lonyue may become a lillle loose be- 
tween the shears* The internal screw 
of a po]>pet is properly prolotiged if> 
push out its own ccntic (see Hg, 42, 
p, 6:.) 

The sei-over filling of a poppet for 
taper lumirg miyhl be included vrjth 
adi^nUge more frequently \\\ lathes. 

It k becoming of recognised value in a good many engineers' 
hihts of English build, as in Fi^^. t. There are objuclions lo its 
embodiment on the score of possible inaccurate central sotting of 
the head, hut this is largely a ijuestion of the method of filling the 
parts. Some English designs Df this kind arc reliable enough 
»hen uaed with rea.'^onahlc i?are 

There \s no reason why a known amount of traverse should 
not be tii^'en 10 che mandrel of the loosu popptrt, to facUiiate 
exact drillings. Vet it is rarely done. One lathe-maker does ro, 
cutting the screw with ten threads to the inch, and dividing a 
disc ori the handwheel into ten. Each turn of the hand wheel 
therefore advance!^ the mandrel une-tentb i>f an inch, and :t tenth 
of a torn moves it a hundredth of an inch. An alternative to 
tlii» \% to divide ihc ot:lside of the barrel into divisions, like a 
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rule, so that its amount of projection can be seen at a glance. 
Tl^is may be done without dil^culty by transferring the divisions 
from a good steel rule to the poppet barrel, with scriber. 

In some lathes the poppet spindle is turned to a precise 
diameter, and used to set the point of the cutting toot by as a 
gauge, setting the point lo just touch the spindle. To turn a 
smaller diameter the micrometer screw of the top slide of the 
rest is moved forward, and set by its index. To turn a larger 
diameter it is run l^ack, taking a half-turn more than required to 
take up backlash, and then set into its proper position. 
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The Fo»ms akd Functiows or THt, Tools. 



Tht Condiiioiu which c*jvcrn I^flicicncy — l^iuilUy of Ml-UlI licm^ tul— 

IjHht— TiJiJ] Anglts— Elow DfU^milnwI— KigM Sysitm.s cotisidcieil— 
HaiiiI Turning i^, a Tiarncng^Tuota i-ji Uoughin)* jmil Kini-SJiin^ — 
E<y<cnljjv^ ronimliiiii— Diffi,-(L-rxcc bi:LwLt:Li ihu Twu ClawsL-s-T^pca uf 
K<»U|;1iing Tool*, aurl Vbdr Anf^lc;^ — SlmwIiiE^ and Chipn — The Gli^ef^ 
I'l-Ki^cil ls?uG& — ClcDnii]i:c Anftli-'Ji^lJirtctiiiii of FL-etMiiB — Side T^tJ 
I^Lwlic—PijinKti Tcmls— Rmighin;; T<>i>h — Mi'ihud* ^r ru'-itnlaTirm' — 
Lnnkcd Tipol^— Knife Tunii— Wiitiybmy unU I'lui^lirr^ Cuts — Spring 
T<xj3— Htifihl ofToor. fftt 

IN ihf work of tiit lailit.% eflfiLieni^y is L-stimaied ljy the 
T^UJintiiy uf cuUings removed, consbtcnlly wiih accuracy 
and g^od liiiish. The amount ol" mi^tal Ihnt can be re- 
niovtrd in a ^iveii linic (lqx:ijds on four ihfii^s — (i) ihi: quality 
of the mcWl ur alloy hcinj; cut ; {2) thu yradc of htcd ofj mid thi; 
form* of Ihe lools ust."d ; (3) ihc tutdnj; speed, and iIil' depth uf 
cut. and fcL-d ; (4) (he vdumii and the efficiency fif applkatbn of 
ihc lubricant wiien such is cniployed- and (5) the atrtinj-th und 
ihe siifFnt^ss of ihti \athti. 

(It) Qualily "jf metal infiutnCL^s rtauUs in two ways — firsl, 
is 10 wheiher il h hard Of soil; and, second, whether it ts 
nystallim: or fibrous. U.s di^gree of hardness ur softness dt:- 
tcrmines whether much or IitLlc can he tcn^L>vcd in ti given lime ; 
Of, what amounts to ihf. same; thing, wht-ihcr the speed tifi^uirinj; 
can be slow or rapid, and ihc fceda Tmc or coarKrn lis cryfitaltinc, 
or its fibrous nature renders a dificrdncc in the top angles of 
iht liKils neL-essary, due In iht difleTcncf in the breaking up of 
chc ciysFAilinc into chip^, und tbfj curling ij/T of ibt fibrous in 
6havirg«. 

(3,) Tht^ malcrials used lii Lhc touU mtisl bu ha^d^r ihan 
those being cut, and yet, without being britlle, suDicicnlly 
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lough and i^trong to mainlain their edges unbroken and undul 
for several hours, and souiLlimes, with ndequaie lubrication, for 
several days in sucttssian- Bui jju siccl would rutajn its 
for long unless both strength urTom^ and suitable incisive an 
forms were eirrbodied, 

The fomifl of the tools are a most important factor in 
lermming the amount of metal which can be taken olf- Defieiid 
ing \>\\ iJiis, thtir action variLS from s^Lct and full cutting, 
that of mere scraping, and the tods that are suilj^bly shaped 
one are not adapted for the oiher The forms of ihe numertni 
culling L'dges arc subject lo u\\iz\\ varialiun. but in c^beiitJals 
they are reduced to a verj' few types. 

Tool formation involves three: t^^srniijls — ]it?nctraiivc ca 
clearance or relief, ^treneth, and durabiHiy — each of whi 
to some extuni opposed lo the other, so that a aitting tool 5 
a prdLticdl eoiuprunti^e, becau^ there i^ no iilLiniate icrat, save 
ihul of praclicef for estimiiting its efficiency. The test is ihe 
amount of material removed [n a given time, consisiciul)' wilh 
the permanence of the tool cdKC, and «ith the accuracy cff t 
surface cut i'Yoiu this point of view the question of the kceitcsl 
ciutinjj edge can iievir be considered alone, but unly In relaito 
to its capacjl/ to continue cutting for many hours in some 
or for several days in others, without being removed for 
j-rinding. The less it-grinding necessary, the less re-sciling 
lo be done, and a tool must never be re-set in the midst of 
finishing iraversi?. As long^ also, as a tool remains fixed \n 
holder, and ca|>ab1e of clean cuttings a number of pieces of 
can be i»haped to uniform siie ^sithin the limit allowed. 

(3.) The speeds, depth of cut, and feeds of cuitnig 
stand in inverse rdalion when opented under similar conditions, 
AVithln any set of existing' conditions, Ihe hij^her S|>ecd3 
iherefure only possible: widi shallow cutting, or with finer fo 
than those which can be utilised with slosver speedsn If 
depth m\ cut, or the feeds ^^ ^^^^ ^"^^ increased, the speeds must 
be reduced pnjpoTiionaiely. Recent practice in drillin;^ Tlivouts 
higher speeds and finer feeds- But [^cncmllyi in turning, the 
higher speed* are not so suitable for roughing doivn, as deep 
cuUin^p or coarse feeds are. Tables are of lilt!c vLilaL-, though 
approximate rates of cutting different metals usually afford 
cunv^nient batiis Lo start from. It is safe 10 adhere nearly 
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itaCtAnd ohtAin hight^r c-ffiricnqr by dtxper cutTing, or coAn? 
fcv.' -' iLJipDiianE of all, in sOmc malchala, by tW 

U-) U appou^fd as Iboagh the limii had bceii reucbcd in 
WhiT '^ ' '., uniil the advent of Ihc highspeed tool stcds 
ojj ruvolulioei- But all that can be lim-wti about tht 

QiM auiLflblv: fDiiikAliijn of tuul poini^ iis ptrhapa knuwEi, find j> 
put mlw pjaCicc in modtrr looi roorns. Hut ihe subjiict of 
tiibrkatioa hflii not yet received Jls fullest development in ihe 
ATcraKc Uirutf y. ^nd it is certain that a tool the sliafie of which 
Wilir upproxmiaics to ti rorrect form will jHJform niofe duly if 
lUintbntly InNrii'ateii, thmi ciie wliii^b i^ faultiest in fomijuon 
bill u inauEhcienlly lubriaUcd- The function of lubricatiun is 
Id nuoauin ihe too) [>oJni pnd the work cuol, and aElovr the 
ctiijiiv lu slide ulT c:i&i]>'i anJ if tliis !s dune* tlie aiuounl uf 
ouicfUil wrhjeli can be removtd by a sin^lt?-edti<:d Ivol \^ almost 
incrodiblc to those nt!ru^[omed to old-fAshJon^^tt methods of 
«wkii%- The manufatturi;rs of cydc making madnncry have 
tugbt car^iticer^ lesions in this rci^pcct, whiuh ihey have jiru- 
Ikrd tjj, To h1 f.crraii; eMr.'in tliis obvious mtdiud nf inrmwiny 
dlkwiKy ha» its applications in the oil pumps and tubing filled 
u 1 opftjtin number of maL'htnea, but thesi; must beronic: Tar 
ngn: nuincious iuitl complek' bt^fare tbc best results can be 
«^nu<d from singlc-ed^ecl loolS' The lubrication of the lurrut 
L' . '^nw morlj iiin be dune wiih looU many of wliich 

du I :> the best theoretical ccjiiditions laid duwn for tool 

■a^CL The more nearly labrication i» made to approach thai 
(Hactiml oi» lurrd wcjrk, [he mua' favcmrablt er- tin: results 
^fbuuneil. Not u ^'tai dea^ can be dune in this way in the 
romtnon lathe, a full iitre:im froin ihc driji-can being the Ixst 
aniUbk" ; and tbii \% one of die limitations lu the aniouiu of 
RuOal that cAt\ be removi^d, in IhL- eaat; of \vrought iron and sted. 
ii anoihcT stl of cLmditions outside ihe reeent and 
t'fowib of the ;apid aitv-b, which hiivc opened up 
of ]JC»sibiHties so f:iir as the work of roughicig down 

lIuirvccttLKi^ cannot bcdoncoiiaf1ims> lathe. Strength 

ify in agrL'aicr decree than are necessar)- 

. . slri^ssci. U'hal is t;aw:niial is that the 

fthall be ^ufhdent to abnorb vibratlonB« L>unding %tre^^^ 
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and yielding of any parts which would iiroduce slight separati 
of Ihe lotil and ihe work. 

The general turner knows in a praciJcal way all thai 
worth learning about tools. Thi^i knowledge is termed ru! 
Ihunib, but we irc not convinced thai an>t!nne belter is availab 
Tl-^eorel kal con.srderatiuns and e^iperinients do but bear 
what ihe men in thf shops have learned by a long enperie 
that develops inlo i^ocneLhiii^ t!ke intuitionf ur inslincC 
seemti impossible lo lay down any dose rules for guidance in 
gnnding anglf*i other than those which are already adopred in 
the turnery, and those to a lar^o c-vtcnt arc not erysiaMiscd ruLc^. 
Mn<:o grinding ts mostly dnne by the eye at the workman, 
assisltd by ^ few simple gaug^fs. This pratiicu is denoLincud 
by writers, who j,ay that all ^'rindiii^; should be relegated lo the 
tool room, Houbtless \i should be so, iiiul yentiralty is, in tho*ie 
shops where the ai\j]ie class of jobs, and same quahlJcs of mi:U^ 
are repeated with unimfjortant change!, from month to mon 
But this does not nn^et the cjise of the genera] shops, many 
which have no tool rooms \ and whether thty have or not docs 
not much afleot thm question, byciusc there is so nmch varialion 
in the clah^ i»F jobs dune, and in nuieriids, and in nther condtiionn 
that it seems undesiriibL' that rigid rules in regard lo t 
formation should be insislcd on in ih«e. And, further, t' 
qvieslion may be a?iked, W\jvs are the moM suitable angles to 
ascertained? This is not a c;isu of standardisation like ilml of 
gears, or sertws, or pipe fl.inges, which admit of *ieitlcnicul on 
sound workable basis. No one yet has been able to prove 
a eerLain lool angle is Ihe best for all cast iron, nroiher for i 
forged iron or sceel, another for all gun-nietal, and suitable all 
for all culling speeds, depths of cut, and feeds. It ia impoasi 
that such should be deterniined, for cast iron is hard, 
larittle, slippery, and of medium qualiiy; forged meials arc soft 
or lough, harsh or dirty, homogeneous or pinny; gun-metal and 
brass may signify almost anything in regard lo range uf hardness 
JThe tool angletj mosL i^uitable for blunging aie nol the bc&l 
fine finishing, neither is the shape which is suitable for one 
best adapted for the other. Now, in ihe general shop, the tu 
knows best what tools Lo pick up out of his box lo tiicklc 
various kinds of material he ha^ to handle, ranging through many 
grad^ for roughing and jimshing, for slow and fast, for deep 
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] or shallow cutting, 2nd slow or rnpid feeds. I'or these reasons 
I the substitution of a rigid system of tool grinding in shops of 
ihis character is a matter of convenience— fitting in vr\i\\ modem 
idca% of system, lather than of improved eflici<^ncies. 

This, however, is noc advocating the txercise of no check 
whatever. The poini \^ [h:ii sucli ii chtct i> noi required with 
a 4iaCr of uxpencnccd and inlcUigcnt turners, vsho take higher 
ra^nk as mechanics than do those ui shops where specialities 
forin the principiil product. And lliough it might he urged that 
men are not usually disposed to gel the very beat possible results 
from look in regard to speeds .ind feeds, this does not much 
aOect the question. For eveo if that is admictedi there are 
alvays exceptions to be found among the best mcchantc3| 
especiaUj- if ihey ure working hj- the ijiece:, and ihese set the 
pace, and afTord a fair measure of the maximum duty which is 
atloinable- 

Moreover, the question of angles doe!^ not liiand alone. A 
manager or foreman of limited csperienccj especially if the 
proverbial new broom, is apt 10 commie the blunder of having 
macbines S[ii:cdcd up ^viihout ri^gard to the conditions inipased 
by Ihv tool angles, and by the nature of th^ work. The only 
safe control ihatcan lie exercised in the general shop — and the 
same applies to the specialised one — is to collect data of results 
in taming certain materials with tool^ of eerEa^in shupea, and 
then make these resuhs a standard of minimum production for 
future work of the same kind. Then, if men arc found working 
below th^l in regard to speeds and amount of reduction of metal 
per hour nr daj-, the i]UL;s!ion of lool formation must be looked 
into and eorreclcdi and thmgs levelled up. 

Mr Donaldson instanceB the case of a shop in which his 
eKpcrimenis were put to practical use in the following manner: — 
Machine grinding was introduced, and tools of approved 
angles wert? prepared tu be issued lo the men as required- From 
the data afforded by ihc experiments, deicrminations were 
made for ihe best speeds for cutting all classes of material in . 
general use, using one-inch diameter as ihe constant, and the 
following Icttcj^ were adopted Lo indicate the dilferem classes of 
matenal : — 
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5- V. H. meafu Stcd v«y hird. 



S. H 

S, M, U. 
S, T. 
S-S. 

r. w. 



Slppl h;ird. 
Stfltfl mtdiuiiL hArd, 
SiccI tough. 
Steel ufi. 
Iron wrought. 



I.e. 

U, H, 
B- S. 
B- F. H. 
B, F. 5- 



TTiwns Iron c;«fei, 
Bnu hard, 
BrUfl Eoft- 
„ Bcass fofffcd 



A small brass plaie was prepared for, and iitiached [o 
miichjjkei tKariag figures denotmg the dc^Lt^rmi nations icferfi^ lo, 
and were of ihe following form : — 



S, V, 11. 
S. H- - 
S. M. H. 

s. s. 
]- w. 
1_C 
B. U.- 

B, a ' 

B, F. H. 

3. F. S, 
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The face of each siep on the cone pulleys of ihe laihe 
slflmped with the number of revolutions the spindlt would raake 
whan running with single gear, back gear» and Lriple gear. The 
workniar then divide?; the number of rE^voIutions Tot one-inch 
diameter of the material to be operated upon* by ihir diameter in 
inches of ihe work, which gives the number of revolutions 
required- The belt is then placed on ihc step of Ihe cone pulley 
which gives [he required rate. 

There is little hand-turning left in the engineers' shops, 
though, during thL' writer's apprenticeship there were several 
laihee where Jiand work, in which thL- old heel tool survived, 
aEtemaled with slide-rest work. Al that lime small bellied 
machine handles weie commonly dono by hand as a boy's job. 
As a matter of practice a course of hand-turning is very valuable 
to an appremiet^ for puintf^ are learned about Icols and thdr 
angles which cannot be Ic-arned so wdl with self-acting power 
lathes. A small proportion of hand lathes ore now in tII^, but 
chiefly foi finishing and polishing processes, which can be dune 
US well and qulckl/ a& by slide rest- For any important volume 
of work [be hand lathe has disappeared from the modem lumery. 
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The tools used in turning may be diTided into tiro main 
clafise^^-fOugMng and Jinishing, Earh cx:cijrs in nuniertnig 
diverse forms. 

The essential requisites in the formanon of a raetaUuming 
tooi. j>ailiculaHy when used foi roughing only, iat^ the possession 
of as much cutting capacity as is consistent with strength and 
ditrability. Such a tool differs widely in form from the wood- 
luming tools, which are charactcriaed by imcnenscly greater keen- 
ness of edg^T but far \\:^'i durability, \w fulfilment of these simple 
rcqiiiTemL^nis the different forms nf tools for the cutting of diflerem 
mCtaU have been developed. In forming tool edges the starting 
point is properly the angle of clearance — thai h, the angle which 
the front of the tool makes with a lanyem to thi^ work on the line 
of centres (Fig. 6, t), and this should 
jUways be made as little as con- 
vcnicnl m order to leave aa much 
mclal a!& possible avaJbble for 
strength. It is usually given as 3". 
Trom j' to 5" is good pmctjce, but in 
lOoU used for soft wrought iron and 
for bra^s The angle is often made 
cotuidermbly larger. Its object is to 
pre\'efir tinnt'cessary friction between 
tbe Cool and ttie M-ork. The angle by 
which the cutting power of Che tool is governed is the top one f; and 
herealight alterations will effect vety important difTertnces in results, 
U will vary from about 30^ or 40" with the horizontal For wrought 
iron ukd mild steel, to 15' for cast iron : to ^ero for brass ai>d gun 
mrt^ There is no hard-and-fast angle for any one uieLal, because 
[if the great diflerences in le^iiure and in hardness, and therefore 
a greater or a less culling angle m:iy be employed with advantage 
on different grades of nieitil. But the use of tool holders has 
Iftught turners Ihis Tact — that a constant angle c^\'i ho economi- 
cally employed for all i:ast mciaH, and ancjther constant angle for 
aU wrought metal^- 

This is ihe basis of the formation of metat- turning tools, how- 
ever widely their details vary. They are made straighLforward ; 
and rijjht and left handed, narrow, and broad at the cutting edges, 
and they will talee the finest and the heaviest cuts. 

Tbesr arc true cutting tools. But on much turned work, and 
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on all of the rinesl. tools of another type are used. These are 
firishing tool*;, which are itf two main classes — the finishing tools 
pn)|M^r, and xhc spring Looh. The lattt;r act by sciaplcig, but iht 
former mostly cut, the an^-les being identical or nearly so willi 
Those cf the roughing tools. Often iht; samt' tool Fulfils both 
funciioiis. The tup or culling angle is, however, often madt 
rather lew for finishing, in order to reduce the risk of the tools 
being dtawn intii ihe work, so causing ilu' action to apjjrctximate 
to that of scraping. The essential difTtrence betwcL-n the twon 
however, is this— ihat the roughing tool mostly eflects a deep cut 
vrltharme feed, whik ihefmUliint; tool always takt^ a very shallow 
cue, and a more or less coarse feed. In other respects the finishing 
tool follows the ronghing, l>eing niatle wide and narrow, right, and 
left-handed, lo iuit differenl kinds of vforlt. The spring tool (Fig, 
36, p. 46) is not a true cutting tool, but a scrape. It leaves a fine 
smooth surface on thi:^ work, but not more accuratt^ than that 1*^ 
by the finishing tool ll is not used in all cases, 
only for ihe purpose of imparting good surface hnUh^ 
Even though a lathe bed be true' lineally, and work 

chucked properly, untnie work is possible 
chruULrh want of due care in regard to 
the tools used. Naturally the pcutiL of 
ihe tool must wear tilighlly in turning over 
flny considerable length. Parrly for this 
reo.'^onf the finishmg cui should always, he 
a fine one- The tool should never be taken out for regrinding 
during the process of a finishing cut. Forcing a loci too hatd 
against li^ht work^ or operating a blunt tool, or using toola badJ]r 
shaped or bridly rem[tcrod, c)r permitting slackness in slides, and 
so on, will each and all cause differences in the sues o{ work at 
differcjnt parts of the length- 

T'he tools in l''igs. 6 and 7 represent the two broad typi-s for 
roughing, but the first is not so suitable as the second for the 
heaviest duty, because of its greater elasticity. The object 
cranking a tool for lathe work h to have material for repea' 
regrindings of the top face, without having to resort to rcforgi 
which involves drawing the temper. Tn a cranked tool used for 
planing and shaping, the cbject l^ also 10 avoid ri^k of the tonl 
digging in. In Kig. 7 the cranking is but slight, in ¥'\^. 8 the 
no cranking at all, and [hese last two are better forms for h* 
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work than Fig. 6» each being capable of slanding up to miJtimum 
duty, supported, ns they are, nearly id the cultirg ed}(e, the 
dtflierence being indicated by ihc shading of the tool rust btnenth. 

With regard tt> [he fcrms of tools m piari view-, rtlikh are mohl 
iuiublc lo uac foi heavy roUEhing down, undoublcdly the rounded 
nose (Figp S^ is lo be prcrctrod to a pointed tool, and yet ihti latter 
b a good one far deep cutting and line Teeding^ But the round 
noac is capable of fairly deep culting, combined with coarse 
fcedirt;, and is employed most frt*quently m ihe ^enenil itimery- 

Thc lools used in lathe work vary in th<^rr cutting angles 
iinyn'herc between about 45^ and 85", each being an extreme* of 
course. The standard cuEting angles (^, Fig, 6), were formerly 
ronsijercd 40' In 55" for wrought Iron, do' lu fis" for cast iron, 
and So' to B5' for brass and gun melal (Fig. 9). These arc stillj 
as of old, ^fe appraximationSf or 1>a*iis angles to gti upon; but 
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Fig.& 
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tbc mngc of each may he often extended consjderahly with 
advantage. Thus tough, highly mottkd cji.^i iron requires a more 
obiu?»e-annled tool ihnn a sol't, grey, graphJtic iron. A high 
carbon steel must he eut with a more obtuse lool Lhnn a. mild 
(jltftliiy. And Iw^yond these difierencts, there i* thai due to the 
Gbfoiiii or the cTystallini: quality of the metAl. The cuttings from 
A fibrous metal mu^t come off os ihavmgs (Fig. 7), not as chips ; 
tho^e from a erystalline meial or alloy will come off* as chips (Fig. 
9t- ^ t1i*^ fibrous cuttings ire broken Lip into chipii, as happens 
when a tool has httle top rakL-, that increases the duty on the 
tool, and |Mjwer Is iosl in a rise in ii.'mperalure- Therefore the 
angle of top rake (J, V'%. 6J, has to be considered as well Ji.s the 
catling anple. In some icoK therefore, no provision \^ required 
lor bending thips ; in others there is a large angle of tup rakcn 
The long turnings of wrought iron and mild steel curl off un- 
broken several feet in k-nglh down ihi: sloping lop face of i\ 
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properly formed tool Dn the other hand, in luning brass, t 
cunin^ lakes place in a succcssiun of &hort indi:pendent col 
To allempi lo lurn wrought iron wilh a brass lool would prodii 
wretched results, fui iht cullings would not curl off at a\\^ but 
become broken up, and slide over each other in a crinkled 
fashiun. Again, tluring culling, friction between the front of tbe 
lool and of the work niusl be confined to the portion imEnediatcl 
adjacent lo lh<^ culling odgCj hence the reason for front rake (r, 
i^'ig. 6). Thu aniGunt of this is of much less iniporiance Ihan tlie 
amount of lop rake, 1 have found it range between 3" and 25" in 
luming looh in regular use m shops. Between these two angles 
of top, iLud fronl rake, the cutting an^le a \^ included 

If a strong cutting angle is wanted with a considerable lo 
rake 6, then the front clearance angle c cari b*^ lessoned down t 
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j". There is no special reason why thi^ Ix^l should be limited 
10 3', but it should noi go lo Che eAtreme of 35" jusl now 
meniiontd, becau?ie so high an angle permits of more mpid «i 
of the front edge than ie desirable, ^Hth no corre&pondmj 
advantage. But aa excess here \% less objectionable in sofi inei 
[lian \n bard, IL would, for insiatice, ^iswer for bta^ or goor 
ioft wrouphl iron, but not for hard cast iron or hard aleel- From 
5' to to" are good angles for front rake for any mt-tak ni 
extremely hard, and in soft metals up to 15' \h not delrimcniaL 

t'^s. TO and 11 are drawn from tools culling respectivi 
good soft wn^uglii iron, and medium cast iron, ibt first rrniri>i 
shavings, the set^nd short brokt;n chip;*- 

A grt^l deal may be learned of the action cif these tools Iroi 
the common graver (Fiji. 1 2) of the hand turner. Accijrding lo il 
mctbod of presentation to the work, it can be used for roLighir 
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{Ytg- t3>, or finishing (Fig. r4). for turning cast and wrought mcUls 
(Fig, 13), and crystalline br.k&s (Kipj. 14), since its anftlo of [ op rake* 
and its angle of rclitf vary with every change tif presentatior. It 
is the type of the diamond point (Fig, 1^. and ibough not a 
^logging tool, like the round nose (Fig. 8), it is capablt; of removing 
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fine shavings. The jiroblem of tool anglcjs can be studied in the 
graver beiii^ thaik in :iny other single Eool. 

Angks di^pend on many matti^rs besidcti inaltriaL, iis on tlie 
way in which the tool is supported, the depth of cut, the stiffness 
of the tool, the shape of the cutting t^ge In 
plan, &C- A s^fe rult is, to give as keen an angle 
as is consislenr wuh permanence of edge, which 
cxpenencc and judgment alone can scttEc in parti- 
cular coies- Take the case of front, or bottom 
raVc, which is usually given as of o fixed character, ranging from 
y lo s"» though from lo" to 15" accords more neady with general 
lathe practice^ It is not difficult to understand the reason of this. 
A fixed aniuunt of rake must be of an accommodating ehamcter, 
because it has to servL' for di^mctcrf; differing 
widely^ and more important still, for very 
roarse as well as fine Iceds. lii the case of 
diameters, the clearance angle of a rigid tool, 

r^L^B ^B ihut is, one nut o^jcmled by hand, amotmis 

" 1 \ to considerably more in Lafning a small than 

Ftf;, t£. a l&rgi: diameter. And tl\e clearance suitable 

fi;r a line longitudinal feed, at a. Fig. 16, 
would I^ul in the coarse feed at i>^ whdc a ck-arancc sufficient for 
the coarse feed t> would give an excessive amount for the line 
feed Mi. But t^pecial cases apart, the same tooh have to be used 
for c^iifemc conditions of fetd, hne, coarse, and all intermediate 
ones. 

Hie ca^c of tools for culling screw threads of square sectional 
and woriii$, especially those of steep pitches helps to illustrate 
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this point. Vou never hear anything nhout fisted angles in 
ncction with these, and of iht fi>ll> of rule of ihunib. becau^- t^w 
angles of every Chri:idJng tooJ have la be mad^.^ to ^mt tht: jab 
otherwise (here would ht an ineviubit foul. 

After auitabk" angles for ihcsc tools have f 
stlded, ihe direeiion of feeding is found lo eAcrciRe 
a modifying influence on the fnrm of the tcol, looked 
at in pljin^ Vhc obfcclion to the tool sha|x:d as in 
Fig. S is that, being straightforward, it is not pro- 
perly adapted for feeding transversdy, in ihe direc- 
tion of ih<j arrow, The reason is, of course, thai 
the angle* laktn in ihe Icngitadinal direciicm a a of such tools are 
correct only in ihal plane. In a common brass turning tool like Fig. 
g the same angle can be maintained all round the curve, because it 
haft no top rake. Bui top rake in a ^IraJghLrorwjtrJ tool alters ihi: 
cutting angle away from the centre line, and iht greater the angle 
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of top rake the greater ihe disaepancy, Tina is minimised by 
grinding the bides of ihtj tool ok shown by iho und vii^w in b'ig. 1 71 
which preserves the cle:irani:e angle intaa all round. If thi; to|) 
face of the tool were ground concaw^, the cutting .tngli^ could al» 
be maintained, but being straight acros-s^ the cutting an^^lc is {|uite 
lost bj the time the curves nrnigc into the str-iight portion of the bu; 
This is the reason why right] and left handuj tools arc u&oct 
cranked in the direction In which the tools have to be fed, various 
fonn» of which ate bhuwn in Figs. iS. 19, zo. auJ zi. Although 
objections have been made to lhe^» on Ihe ground thai the flat 
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tiifKfcces of iht cuols prevent the perfea mairtenance nf the 
cutting angles avay from tho a.xis of thi^ crankt^d portiun, this 
does noi carry much weight in practice, for the simple Ttoson thul 
the iooX point is not liuned »; dci^ply in the wofk as to bring ihu 
extremities of the curved portions into action, nnd a slight de- 
(MLrinnzr from a given angle is 'not so greatly deirimental as it is 
oftCD believed to be. It is here* however, that the value of the 
|)Qjnted tool (Figs. 15 and 22) i^ suppos^:d to come in. In this* 
one edge with a single anglt removes ihe hulk of the material, the 
other followini; and merely severing the chip at its inner edge, 

Tools made with side top rake, boih right, and left-handed, 
indicated in Figs. tS, 19, and 2t, arc the most valuable part of 
the turner's kit for roughing down. Top rake tends To draw the 
tool in, which 3*t esperi.illy noticeable on bra*is, Bui there is no 
objection to the tool being hdpcd in Lhc direction of its traverse, 
a£ lh(E does not include risk of digging m, or hitching in, unless the 
sh&nk is flimsy, or the overhanij loo gteaL The question whether 
Ihe tools shall cut by straight edges, or be 
round nosed, is outside thi!i of side top rake- 
Mr H- F. Oonatdson, of WooU-ich, 
made a number of eNperimcnls on dia- 
mond'pointed tools, of the shapes shown 
in Fig. jj, from whiLh be deduced the Kiy. jj, 

limits of cutting angles given in Table I-1 

the wideness of which he remarked " may be coiisidercfl to almost 
defeat the attainment of the object in view." But they illustrate 
the fact how widely tool angles may vary in pracdce. 

Tablr I, — Limits op CifriiNc Anglk^ 
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Mr Robert Dumai^ recommends tool shapes like ihose shown 

in Fig- 34, ,v beini^ suitable foT veiyheavj" feeds, aiict shallow cow; 

u far fair aJzcd fecd&« and deej) cuEs, will: a lool intermedial e tD 

^,,_^^^ Ihcsi! for average conditions. 'ITit radios 

of ihe nose is made not le^s thJin the feed 

employed, and should be slightly more. 

Kcr general work^ tool h is the more suit- 

ablr. 'ITiere is a point about these tools 

m harmony "ith ont used for hijih speed 

cutting, vhich is, thai the cutting edge 

slopes away from the face being cut. In 

the ordinary round-nosed tool, with side 

rake, the opposite rendition estistf* The 

result is that if tools arc flimsy, or the 

overhang from the rest is large, the ordi- 

likely to din in than the sloped back form 




Fin- 34. 



nary tool U more 
shown ixi Fig. 34. 

Koi roughing doum, either of the types of tools illustrated may 
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be used. The straightforward tool is aet as in Y'\^. 3$ \ better, 
as in Fig. 26 1 ur fhe right, and left^handtd tools are sot a» in 
Fij;. 27 and on the opposite hand. There is no tliiTcrciKe in the 
shape of these on the axial dotted lin*^, but the right, and left- 
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hand tools arc lumed round to an angle in order m hnng the 
axJA L>r the nose more approximately mto Itnc with the diri^ction 

of traverse of Ibi? tool. A modi- 
fied form of cranked tool is shown 
in Ftg^ ^8, vury atifT, uiid equally 
capable? fjf traversing and fiur- 





Fig. 27- 



Fig. iS. 



titingt appTOxi mating in shape to tht^ ntxl one shown — the 
kmfc lypt of tool O'l^- ^<i)^ 'fs action being shown in Fig. 30, 
Though employed originally, and still so. for cutting end& of 

turned work, hei^cc' called a^^ide 
ioo1» and used more for tinish- 
ing than roughing, it is cm- 
ployed to a confiiderablc' cfttGnt 
fur rou^^hing also, cutting deeply 
with a fine feed. 

In roughint^ down, tools are 

UbUtl indifferently in either of the 

positionsi sliown in these fisurts. 

Tht^ first (Fig- 25), is quite 

suitable for li^ht skimming of 

The surface^ say 

to a de[jth of cut 

ranging from ^'n 

lo f\^ in, 1 but 

lite si^cond und 

third (Figs. 26 

flnd57)are better 




Fig. 39. 
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adapted Tor dt^ept^r cuts or^ sajr, ^ in. and over, dopeiiding on the 
liizc (if die tool Thu^ while in Fig, ^5^ ihc btral cuitin^ anglt 
occurs on the dotted IJne^ the deepest penetration takes place 
at the side of that, where the cutting angle is more obtuse. Bm 
both in Figs. 26 and 37 the best culling angle coincides with the 
deepest pcneLmtion of the tcxji. The 
LitJer, [fiertifore, are the bt-st forms for 
travcrac turning whei^ deep cut» nte being 
taken. But much deeper cJls can be 
taken with knife-ed^e tool:^, as in Fig. ^9, 
remembering that the fccd^ have to be 
liner than thof^j which are practicable with 
the round- noaed tools. 

The round nose^ however, is the ideal 
roughfng tool, notwithslajiding ihe fact that 
the cutting angles vary constanlly from ihL 
a^^is round to the sides, A nearly parallel 
Fit- 31- case is that of che wood-rurner's gouge, 

which can bo buried deeply^ in the work, 
removing chips much bigger than an)' which can be taken off 
with a chisel ed^^e. An excellent, and familiar illuatmtion of the 
value of a round-nosed tool is afforded by the Smith & Coventry 
cutlers of circular section (Kig. 31) gripped in a looUholder, 
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yround at an angle^ so 3m|>arting an elliptical shape to the tool 
fate when looked ai in pUui (I'lg^. 33 and 33). These are 
capital rougliinj^ tools, though not in theory perfect embodiments 
of correct tool :iiigles. In these the holder:^ are made right, and 
left-ltanded (Fig, 33), so brinj^ing [he axi*» of Lhi: tool in [he line 
of deeix^t cuttings and largely minjmlsing the effect of altcratit 
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in cuidng angle round the cur/e— that is, ihe deepest cutling 
occurs where ihe tutting angle and the angle of lop rake are 
corrccL Cuuinj^ lerminares wlit^re neiiher angli: i^ torrLt:t, but 
fltill being at a considerabb distance from the location where the 
top face becomejY normal to ihe aifii tiF the work, and whore 
scraping would cake place. 

A special advnintagc of having deeply-cranked tools cornea in 
when deep turning ha.^ to be 
done— up a^inst shoulders 
and colbrs. With shallow 
shoulders thu ordinary 
sUnightfonvard toolSf set 
sTiaightforward and to right 
and left^ are auiiable enougli. 
One advantage of using knife- 
edged tools is thai the cut can 
be taken right into a square 
sihoulder* without changing 
from round lo square. If 
a round nose is used for 
roughing these, the fintEihing has to be done with a square- 
edgL-d tool. 

In turning cyHndricai work, ihL' roughing and finishing cuts 
are dono either with the same, or with separate tools, depending on 
the degree of finish wliich is wanted, and partly on the nature of 
the material being turned, "i*hc difference between roughing, and 
fini<ihmg is often only one of relative depth of cut, and feed, and 
not of the shape of thi^ tool. The same tool will do for roughing, 
by taking a deep cut, and a hne traverse feed ] 
and for finishfng, by taking' a very shilbw cut, 
and a coarse feed, Th^: advantage, however, 
p^ I*. which a broad ftnishing toot like l-'ig, 34 has 

over a n arrow ^h) in i«i roughinj; one. Is that 
the breadth of its cutting edge permits of a broader feed than 
the narrow edge of the roughing tool But roughing tools 
wlwn used for both purposes^ which Is often desirable to 
avoid changing tools on a single job — are frequently J] at I ened a 
little at tht- edge, instead of being left rather pointed or quite 
icmicijcuUr. 

Wh^ these tools are not employed for finishing, mie of the 
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broad tools in Fig. J5 is used, or else ihe spiing tool (Hg. 36). 
The v!ilui? or dllier of these lies in the width of cutting Hicc^^ 
which (jcrmits of a coarse tiaverse. Generally, 100| the single o^| 
lop rake m much less than that in roughitig tools, approaching 
nearly to the homnntal, or else qiiitt normal lr> the rtork, a* in 
the two left-hand figures, The corners are silightly rounded tflj 

prevent (hem from dig-^^ 
ging into the surface: 
hemg cut. 

Tile spring tool 

nut one which can 
relied on to produ 
closer LiucLicLicy, its value 
lying in the fine hni^jH 
which it produces o^H 
the surface It is nol 
used BO often as for- 
merly. The spring tool, 
or any tool with much elasticity, is quite unsuitable for 01 
moderate duty. A common finishing lool, supported close to 
vvork, gives moic accurate reaullEf. Bji in any case Lruth Is 
obtained by making the finishing cut aa fine as possible. A \y 
alsocui«eleanet if it i-^ touched ovi^r with 
a hone after grindinji:. The apring of a 
(ranked tool is often taken out, or nearly 
so, by insertinga bit of wood in the sfwce a. 
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The parting tool (Fig. 37), is used both for toughing 
fmishici}^. No top rake is shown in the l''ig. :^ometitnes a vi 
slight amouni is imparted, but never rnore than 3" or 4", The 
tool has but one function, that of parting off vrork perpend icularin 
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To prevent excessive fTiciion of the sides with the surfaces being 
cut, clearances are imparted hy notrowing the tool hack from the 
t-dge. The uses of tiuch -i tool are not fully denoted by the term 
parting. lis principal function is setting in ends^ or otherwiw 
tfffecting the hulk of the sejmMLidn beLwetn adjacent pieces af*cr 
they have been lurned. Bur in shouldering and aiepping down, 
the parting tool is often used at the commencement, being set in 
at once ;it d delinite length lo the diameter required. The tool 
ts especuJly liLible to chatter, and for this reason it i:; made deep 
— often deeper than the jihank^lo compensate somewhat for its 
nanowntis, and ehher very liltle lup mkc Is given, or nijne ai all. 
Though the tool is narrow^ its shank is made as lar;*e as the 
shanks of the roughing sind finishing louts. 1i is kept in numer- 
OUB widths. IF a porting tool la allowed Lo become dull, Jt will 
not work properly, although a similar amount of dulness on a 
iravcTNing tool would not be noticed. Thi' reaJion is that the tool 
hat to penetrate straight into the work, without any relief afforded 
by side traversing, and therefore if slightly dulled it \s\\\ refuse to 
cut for a few moments, and then nhen sLil[ fed in will suddenly 
"bite"' and dig in badly- For the same reason it is imperative to 
have the cuiting edge at the exact height of — ,^ 

the htlhe centtes. 

Fig. 38 shows a cast-Iron tool, of diamond 
point shape. These have long bt^en used 
to a limited extent. Tht shaded seeiion^^ 
indicate the chili, ngainsl whrch the necessary 
hardne:^ is imparted lo the cast-iron tooL 

Around these broad types many other tool shapes arc de- 
veloped, most of whl£:h are sliown in subsequent chapters among 
the ill List rations of work done. They include ^^ua^e-no5ed tools 
Jor cutting into shoulders, lound-nosed tools, for finishing internal 
Ittii, radius tools for convex corners, shouldering tools m which 
a radi(]:» is combined with straight edges, internal tools foi re- 
cesses, and nearly all forms are made tight, and left-handed, as 
well Gifi straightforward, and many of these, e^ipecially the round 
noses, and the radius tools are scrapes, being used mainly or 
entirely for Anishing operations. 

An iniponanl maimer in netting tools is to Imvc the cutting 
edge at exactly the same height as the centres of the lathcn This 
K Of gmter importance as the diameter of the work is lessen^. 
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The reason is that tool angles remain constant only so long as 
the above-named condition is observed. If the tool comes below, 
the action tends to scraping ; if above, to chatterii^ and rubbing 
against the ^ce of the tool- On larger work this is not so notice- 
able, but on pieces of very small diameter it becomes increasingly 
difficult to make the tools cut at all, and if they start Ehey gener- 
ally jerk the piece out of the centres. 



CHAPTER Til, 
R&MAKKs ON Turning jn Genehal, 

RnuTfM of Fmn — Wiinl nf Tnilh in TjUln-^—PimlWisni— Linear Truih— 
,\JLgnmpni -Suihcftl Work — (Jirculnr Truth — Mtlhi-J* ol Cllucltinn— 
Iklwccn Cent't-* — On hoct^ noll^^ jml Chucks— TenLiii^'e MtiihKjJa u( 
l-'hucking— ^'taT -f Ccniiw— Sjfnnti— IloiOin^ up m DiuitiiBigns — 
MclliDfla uf Sirjighlcniiin Bjir^^lluumur S[i,ai|;h|L:nirt; — StruJ^llU-nlll^ 
Midline*— Tlii: Chalk Ttsi—^ hunlJeri.il Work— Koiyjhing— T'arjilldl 
Picoes— CylirvJrldl Picrt?*— Finish ir^— Li row Lug Kcunonuml Vnluf ot 
KoMgh Tomin|*- 



IN this cllaptt:r, vre brieJ^y consider the causey that conduce to 
gtxrd and Lad lumiiig — dut: lu die lutlic. lu ntt^lhods (jf 
Ghuckiii^> and to the tools usc^d. 

The H'ork of operiiiing a self-acling lathe of a^ny tind wijuld 
M:tm lomany itask of a simple i;harftcU-r, und turned mirk.'ihutjld 
presumably be most accurate. If such were the case, good turners 
wouM not commiind hijjh wa^res, nuuher would iheir wjrt hnVu 
lo be supi^cmcnlcd, as it i^ftcn bas, Ijy yrinJing- 

'J"he rejsoT^ why turned worlc is liabk- to error ore {A) the want 
of tmih in [he lathes themselves, and (/f) the lack uf txtrnse of 
sufficient carefulness in turning, 

In reteienoe firsl to (A) ; A laihc oiighl to be ime. A well- 
uimie lathe js so when lirst manufucturcxl — as true as hajidicrafc 
cim mAke it. But a very little wc^r sufltcc^ to destroy it^ ab&oluEe 
acciirtcyp notwithstanding tha.E it needs must continue in service 
for Buu/ years. All thuL can be Uonc lo delay and minimjaL the 
evil of unequal wtar i* done, by the adoption of broad surfiiccs, 
scraped f]l<i, stCLm|^'U[i !)iri[)5, grinding inandrds to fit, ilie u^e of 
totigb mvul. and ^o on. It ts still further dcbyod by care in use, 
a^ hy kcc^in^ wearing surfaced lubricalod, frev from grit, and 
|jy L'ii)|jl()y]iig lathes fur such classes of wotk as ti:nil tu ^tiuahle 
and l^Iinmic ^vca^ only. Atid by the obbervaiiou of these pre- 



5^ 



ENGINEERS- Tl/J^NTNG. 



caulioi^s, work as lE leaves the lathe is practically true enough for 
nint'lenthi of engineers' work. 

IriiLccuricy in plain tUTning {B) is due eiiher (i) lo wani of 
linear Liuth and parallelism, {2) to depLLrlurt from a true fiUne 
ir surfaced work, iind lo (3) depariure from ihe circular form. 

In reference fiiat (1) ti> want of pariilleliani : This may l^ due 
(ti) lo the springing of ihc wort^ or (^) to absence of linear iruth 
in thf ways of the bed, or {r) to lack of alignmcm in the fast and 
loose headatocks. The first (a) is obvialtd m three wayt* : By 
siraij^hcening the work l>efore Jl Is put into the laihe in order lo 
remove metal equally; by takrng a rough cut, or cuts befoTt 
taking the finishing cut, a precaution which i^ the more necessary 
in lony slonder work, that wiH frequently spring and alter its form 
on the removal of tiie outer scale and Hbres; hy sup[Kjrting thu' 
work near the tool by means of a travelling or a followitjg steady. 
The second — {i>) ubsenoe of linear truth in the bed — can lie 
guarded a^ainsl by preserving?, ilie ways good as long as possible. 
if the L-arriiige fiia tightly near the end, and slack near tJie head- 
stock, absolutely true results are not possible, and this must Ijc 
borni: in mind when selecting work to he sent loa lathe. 

The third -{j^} lack of alignment —cannot be corrected as 
regards Ihe loose headstock which slides between ihe ways by 
cloaC'fitting tenons, but thi^ fast hciid-itock can be moved across 
in most latht:s by means of its adjusting scri^ws. The alignment or 
otherwise of [he head, is tested by turning one tnd of a Imr between 
centre^) and then without moving the tool in the radial direction, 
sliding the rest down to thtf other poppet and turning the bar er>d 
for end. If the tool then touches the turned eud» the ends arc j 
alignment. 

In reference (a) lo the depariure from a true plane in surfac 
vsxtik : This »& de|>endent on the true aetliny of the cross slide of 
the Testj and the filling can be readily corrected, if found necessary, 
by the nie and sirrajie, and seltin^-u^^ r^irip. The truth of ihe 
crosfi slide h tested by trying a tool point held in ihe rest on 
opposite sides of a large face plait winch is known lo run truly. 

The departure from the oireular form (3) may be produced hy 
many cai^scs^ 05 t>ad tool formation, too hard duty imposed upon 
the tools, dulness of edge, bad fitting of tht: laihe in els mandrel 
aiid its :ilides, b^ absenu: of support 10 the work when of iltiidcr 
proportions) causing eceeniric movement of the work and chatter 
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between il and the; touls, Inaccuraie and badly- Rn (shed surfaces 
an: often doclort^d by i\\c 61e and t^mc^ry, but that is not turning, 
nor arc the results accurate^ 

The methods of chuckiny lathe work tlifft-r so essentiully in the 
cast of jobs uf difftrail kinds, thai no vc:ry precise ruks tan \i\i 
laid down tor guidance- Substantially ttiL' methods in genera] 
use may be summarised as follows : — 

riches of work which arc long T»;[atively Lo diameter are held 
bcihtyr the centres, and revolved by ;i driver Or Chuy are litld 
lit'Eween and driven by the jrtws of a face jtlaie, aiKl piviMtd on xhv 
back centre. Or, if they have to bt bored, Ihey arc j^ip|ied and 
revolved at the face plate, and in a cone plate*, or lu some ca^e^ in 
a steady rest at the opposite end. If the piece of i^ork is a hollow 
cylinder vrhich has to be turned, and not bored, Ihtn it may be 
pivoted at the back poppet upon a bar madt to bridge its mouth 
at ihul end- Or it may be held on cone centres. Or, In the 
hijlitj^^' mandrel lathe, a long bar i^ gripped in thi,- headslock only, 
and the bar is projecttrd through us [he required articles, riuch as 
pins, irluds, or sctcwSt are turned and cut oB" il. Such «ork Js in 
many cases pivoted f>n the back centre also. 

Hetes of wijrk which are aliorl relatively lo diameter are 
gripped only at ihc fiisi headatuck end, in the slotted f.Ke plale 
by mcflns of bolts or climps of various form^ ; or to a dtig chuck 
by mean* of the sliding scrc^v dogs; or in self-centring chucks. 
Work is thu£ chucked when Jt^ length or overhang i>i nut sufficient 
to cause unsteadiness during turring. It can be dipped centrally, 
ur ceccniTicalJy, and ear be turned, ^lurfaccd, and bored, V^'ork 
netfd not be circular in order to be so chucked, but many irregular 
callings and forgings are gripped thus for the facing, turniiLg, and 
boriBft of certain portions of them. Many caaes, however, occur 
in which pieces do not present faces ijuit-iblc for bolting or 
gripi^ng direct loafacc plate, .ind then ixn angle plate, or L-shat^ed 
cbuek, alTordt; a conveniein mean^ of lastemng. It is espeeiaJly 
convenient, loo, when faec^ or cin:ular portions have to be looEed 
at preciic right anglet^ with others then attiichcd to one face of 
llic aiigJe plate. 

Mobt ordinary work \^ ehucked in a tentative fashion, effected 
lir>l by Ibc vye, or by a rough setting to lines; and then being 
run found, a citalk mark indicates the most eceentric ]ioriioti, by 
*hieb uurk rcadjuslmcnt is made, the opeiaiion Icing repcuted 
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as often as necessary. If c:<tcrna] iaccs or edges arc not availabli^ 
then a circle struct on the work, or ^ ci^ntfc merely, \^ used a^ n 
Lest of accuntcy. The uxccrplion^ tu thi^ ti^ntalivc iiiecliod &rCi 
that of vork held in Eelf-centnnj^ chucks, which Jncludt! these 
with dogs, and the smaller split chucks used with hollow mandrel 
lathes, ^nd work which is attached to special Tipplianccs, as angk 
plates, or othtr rigs-up specialiy designed for repetitive work. 

Iniiccuracy in LuruL-d work may be due to fauUs in chucking' 
This may occur in v^ork nJn between centres* as well as in that 
gripped in chucks. I 

In reference to ihi; Jir^I : It ia pob^ible for it Lo tuil truly at an ' 
early stage of turning) and out of truth after, due to unequal wear 
or the conical holes into which [he? centres enter. These ho ks 
Lire often, in light work, nitrdy made with a centre punch. Bui 
the pro[jer method, and onu which must be followed in heavy 
juhs, is to drill hole.s first a Utile way in w;*rdsflnd countersink them, 
ijui work which \% chucked on the fate |)!atc, or dog chuck is moat 
liable lo Wcomu out of truth, being disLorted by carelesii clamping. 
The lighter the work, the more liable ia this Eo occur, and it Is 
Dfleii therefore nereifiury to use voriouj^ pickinj^s, iind supports to 
opijose the tendency to distortion- Both flai pieces and lights 
circular work are liable to these ibks, and much of a turncr^s Slfll 
conSTsts in ^'^li^tding against them without an undue espcodiiure^ 
of time. To chuck some jobs lightly yet ellicienlly, often taxes 
a man^s ingenuity- 

In taking plain pieces of work to rough down, rhe method 
operation is controlled by several things, such as whether the 
work is fidl or bare in dimensions, parallel or shouldered, 
or slender. 

The diflfcrcncc between having sufficicni and insufRcient njetal 
to turn olT may easily make loo per cent. diJlLrrence in the til 
occupied on a job, rhe latter condition someTimi^s requiring sevt 
tcnlaUve cenirmgh before the work coti be carried through, ai 
more care is required in straighteniny than as though the allov^ 
ances were ample. Parallel, and shouldered pieces reqi 
dilTerenc settings of the tools, and a large amount of shoulder 
adds greatly to the time occupied. 

Often wht^n Iwrs liave been straightened by reference to 
eye cast Ltlong iht^m, or by the siraighl-edge lest, or on a table 
bed, they are found to run slightly out of truth when tt-stcd in the 
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lalh& Tlicn if the allowance ia loo slight to peimil llie work 
lo hoJd up Id finished sJ^tCf Lhe bar may have (o be Te-cc;?itred» or 
straighieneil \\ \% re-a^ntrtd tiv throwing ovtr the centre slightly, 
using a centre puni;h aa a kind of driCt, ajid ^nisbing wilh a square 
ciinlrt i»r countersink. Kut generally the bar is straightened 
lenjfThwise by pricing il with a Itvtir on ihtr (aihi: rt^si, or by lakijig 
It oat of the lathe and strikrng it iv!th a fledge, or pening it with 
a hand hammer. Leverage i^ the readiest device Co adopt, onty it 
is a clumsy and bad praciit^e to do ft in a gfjod (athe, alihough il ts 
a common sigHi in many iihojis. A bar-straL^hlcnirp machine is 
the proper thing lo use, and these should find a place in every 

The objection to hammer straightening' is that it compresses 
the metal locally, :ind that when the skin is removed by a rough 
cm. th^ bar is very liublt to spring back in whole or part. Ucnd- 
ing docs not squeeze the fibres, but operates over a considerable 
area, extending their htindles bodily. Some amount of ^prijig 
occurs, but this hiippena at the time of bending. The amount of 
bf^nding done must be in excess of that actually required, in order 
TO permil of the luii returning into a straighi condition. 

Orie of thi; best types of bar-5lraiahtening machines i-s that 
shown by the itluBtrarion on thi? next page (Fig. 39), which is 
made lo boll lo a bench. It combines a pair of centres a on 
which the work ifi held and revolved by hand to lest it, and three 
hlock« B, M, and c, between which ii is straightened, 'lhe centres 
and the two lower .'iuppoTting blocks b an; boib adjustable Icnfith- 
vtse to suit bars of different lengths and having different locations 

kmkv 'Hie liendinj- is efll'Clcd by screw pressure above, a 
re-lhr<'Adcd ;^crcw actuatinp rhe block c. The capacity of 
ihis machine suits comparatively light burs up to ij in, diameter. 
Another machine, of similar design, i^ made 10 iKt hoUeil to a 
bench or lo stiind on n floor brackoi. Thf principal difference 
\% that a prismatic liar i^ used to Ci>rry the centring heads, 
which ii a bc1U:r jcib than the round rod with spline in the 
prCTioua machine. In using these inachincs, the centres are 
adjusted lo suit the length of work ir» hand. The bar is placed 
tictwccn the centres and revolved, and the high spots touched 
with chalk ; the bar is then removed from the centres and laid on 
the vee bloi-ks and siraightentd as rei|uired. 

f*or hcavj shafts another type is made in which the ^traighten- 
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ing rani i^ actuated bj' hydraulic power II comprises ift'o end 
simps, within which and x bottom ram the shaft is squeezed. 
The machiuL- may [jl- sluny on the carriage ot the lathe, being 
lifted by a bnr passed through eyes in the top of ihi: end straps, 
The lever for operating the ram standi out in front- Shafts up to 
5 iir G ill, ran be slr.ii^httrned hi this ijpt" of machini;, 

A ticat machine is made by the Niles Company to run on 
the ways of beds wJrh Ami?ritan vees, the wheels fining over 
these and keeping ihc machJiic on the bed- Tht shafi. remains 
in thi.' lathe centres while being stmij^htened, and has not lo 
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l>e sliifled for the purpose fif lataLtng [| to find the kinlcs. The 
'itraiRhlenin^ H^tew is turned by a lever aaiintin^ two spur 
wheels iij gain power Spring of ihe overhanging braeteT which 
carries the screw is prevented by a big tie boll with a tec bead 
passinj4 from Ihe braeket lo the main frame Ijelow. 

In testing bar^, shafls* and spindles, the dd-fashitined method 
of Totaling the object by hand, and holding a bit of chalk on the 
rcJBt to just touch the full portions, is practiotly as good as using 
ai] indicator in rough — />.. iiniurnrd — hnrs. The rhnlk shows np 
on the black Ijars, nnd remains to indicate where the prossi 
mu*t be given. Even if an indicator is employed, marking 
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be c!oi>e ^cparaic^ly, so ihei no tim^ is saved. The case is veiy 
difTcrenl from the liolit^'atc resting of finished work, for which Ihe 
indicator mu*iT lie used, 

^Vhcn work is shouldered m the rough forging, this may com- 
plidlt- the wfirlc of cetitrin),' and straightening, as whc'ii some 
seciion?^ come eccentrically in relation 10 others. This often 
happens in htsivy smith*s work, done with or without the aid of 
dies or swr^c blocks under the hammer simplyj in which case 
portions will be out of round as well as non-roncenirir. Hert? ihe 
straiglitL'nirjK maeliinu i\\^\ be of no help unless the wnrk can he 
beriC sufficiently to bring nil pLirts right, which is not often the 
fasp. fSenerally this is a jcb for the marking-off table, the piece 
bcinfji raised on vee blDi.k&, the minimum allowances on opposite 
5ides of ihc ecccnthc parts being; ascertained by the surfaetj gauge, 
and wid centres ifien located on the liasis of an jveragt' fiir all Ihe 
ports itvQt have to be turned. Then the result will be the removal 
of perhaps j in. or jj in. from some parts, nnd yV in- or ^-^ in, only 
fruni others. In some crises cvu-n this avcraginti fails and the 
orork has to be sent back to the smithy to be corrected, or altera- 
lions madt' in sume dimensions. 

It IS a good plan to rouyh out the whole surface of a piece of 
work li&rore tini-^hing any portion — f^nod, because first it requires 
no chiinges in thr tools, but chiefly liL'cause the removal of the 
skin often cause? warping and flexure to a slight extent Qi^d this 
shotild l>e allott-ed to develop before any finishing i.^ attempted. 

Also, when taking a roughing traverse It is better, when 
l)0s.siblc, 10 remove the bulk of the metal a! once, leaving a *imaU 
rjuantity noly for ihe finishing cut. 

Tile latter should never be a coarse one ; the former may he 
as eoanc ^ the blhc, the tools, and the work will stnnd. Ther^ 
1^ then, coarcely a limit ro the depth that can be removed, hecause 
(he frcd can be lessened as depth is increased, which is the proper 
method of roughing down. 

A plai» thai is frequently adopted when a large number of 
*iimtlar pieces have to be lutncd is to roiigh ihem all out lir^t, 
change the tnol, and then finish the Ini. This rs the most 
expeditious niclhod in such a case. 

The larninp of a parallel piece should be eanied through 
without stopping the lathe or shifting the tool. If ihe latter is 
dult. ir should he ground before commencing the cut, find not 
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aftcrward=^. The Jirst <;ul must be taken well below ihc skin lo 
ai'oid contict with hard srale ; and nncu stnrted thus the siirinfT 
will not afterwards tome into cortaci with tht efficient portion 
ihc IO[>l edge. 

Cylinjiricfll piece^i are turnetJ in self-acting lathes hy settfn 
ihe rDtiiiil posilion of the tool lenlalivdy frst, usually talcmf" 4 
seUing-Jn rut, measuring the difLcneler that results, and elfecting 
such aUrmrion hy ihf iTOs^-feed screw us will yivt- ihc diaiueier 
wanted for the roughing cut. A rough setting can also be obtained 
by direct measurement from the lathe centre, or from the diameier 
of the fjoppet Lwrrd : biiL ^onerally the roLigh bar is measured, 
a cut stl in at a yut'ss, and the !iizt; measured again until the 
proper diameier is obtained, at which the rest remains set for 
the traverse. If a lathe has a dividctl boss ti> the truss feed 
screw, es.tct minute adjuslments can be made after the first cu 
But praciit'ally the rali[>eTs or ^ciu^t'S tried on work in the cou 
of rediitlion are the methods by which diamctern are determined 
and checked. 

Before aitempttng to linish a piece of parallel work, a m 
should he familiar witli the lathe on which he in working, othcr- 
wi^' the shaft may come out too small or too Urge aE one end- 
[f the laihc is (bund not to turn parallel on setting in a cut at each 
end, with the tool remaining gripped in one radial position, t 
headstock or poppet should he looked to and adjusted. 

It 15 a common pmctfce lo finish lathe work wich a file and 
with emery. I'he file ts used either to reduce dimensions ver^' 
slightly, as whea makinj^ last adjustments of a shaf\ or spindle 
with its boaHng oi hosi. or to a ring gau£;e ; or for taking out the 
too] marks Tefl on work. It does not seeai a very mechanical 
procedures in either case, and such a method lia^ no place in a 
perfectly interchangeably system. But all the same, it is constantly 
practice in the general shops, and is unavoidable in averse 
lathe woik. Moreover, il gives good results in the hands of careful 
men. In usmg the fits? thus it is employed as in vice work, ^ing 
traversed croi^svvay*; and diagonally slowly, the work revolving e| 
a moderate speed. The abuse of this method of finishing com« 
in when a considerable quantity of material Is removed thus. 
instcL-acl of making the hitbe finish the diameter as nearly 
possible. The use of the file overmuch i^ bound lo produ 
badly shaped work, which is neither round nor straighL T 






'^ 
Lcd 

Id. ' 

ch 



HMMAJiKS ON TURNING IN GENERAL. 57 

emery cloth often follows after Che file, for polishing only. To 
this there is no objection when it is held flat on a stick. 

Rough turning is assuming a greater economical importance 
in the shops since the introduction of the high-speed steels, to 
which the increasing use of circular grinding machines is also con- 
tributory. When work has to be wholly finished in the lathe, 
care has to be taken to prevent spring, which if once set up, 
cannot easily be taken out by broad finishing toots. But if work 
has to go to the grinder it is a matter of comparative indifference 
how it is roughed down, because the grinder is capable of readily 
taiing up pieces that run out of truth. Another way m which 
economies can be effected^ is in giving the work of roughing down 
to second-rate low paid men, who are machine mindere, and not 
skilled turners. Any one can rough down wilhin say ^j in. or 3'^ 
in., but to finish pieces to fine dimensions in the common lathe 
requires the skill of the turner. 



SECTION II. 
TURNING BETWEEN CENTRES. 



CHAPTER IV. 
CcNTRmc AND DRivma 

I\)in( Ccnir«— Neccssiiy lur Haulcnmc— Cenirc ^.iriralinE— Annchnicnli— 
Armies ft\ Ccnirti— ^hArtt; Kiiiinpi — Mnrsc Tyiiers—Mcihoil^ i"*r Klmiing 
Centres— hy Caliptr:* Gauges, ^c— MuLiog Ctntrp^ — Flinching— Boll 
Punch IJfillirig nnd Countcrsinliing — in ihe IaiHc — Fornix of Ce^lics— 
OiUnicrsinliiTic— '*»'|U*rc Cciilrc— Other Ccniring Tools- EniU nf E«^ 
— Cuuing-ufl' MichJiics — LubnciLlinri of CenLrea — l^nvirc Ccnli^ 
Dirripr nrnl Drivpr — ^Vftricnit Konni; nf. 

THEAVork of laming between centres is Ihu branch w 
it seems nntunL to take up first in order. It is 
primitive bianch :i]sri, for turning on dead centres 
b<r€n practised far conturies past 

The difference betweeo driving wood, and metal between 
centres is due to tlie relative softness, and hardness of tht two 
classes of materials. A fork or pron^ chuck cnn be put into ihe 
first, nn<l mates a mo^i efficient driver l*olnt centres mus* be 
used on mcLalj which involves the employment of a carrier, of 
driver of some kind, without which it could not be revel 
Even to those who have ^rown accii*it()med in laihe work 
often a matter cf surprise to ste inawses weighing -seveml hundrcd- 
wei^lits, or ton<;, being supported securely on tvo little OeA' 
under the stress of heavy lurning. 

It is usua) to leave the headstock centre unburdened, and 
harden that in the poppet only, which properly ontaiU grind 
the UUer, this being best done by ln^e^lin^ it in the lie^dsiock 
spindle hole, and using a grinding attachment. There x 
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little machines designt^ for ccntro ^jnding. but many shops 
managp lo do wiihoiti Iht^tn yi't. In rh<' nnjority of nnse^ in rhe 
jvera^L' maLfiinu ^hop a cenUt: grirdcf i^ Uiikjiown. When u 
centre veirs it is taken tn tht? firi.', annealed, re-turned up In place, 
and then hwrdent'd^ with iht- risk nf slight di^iiorrion and of «i»me 
wa9tt' of time. 

l^requcnily tcnires .ire nol hardened, m whicii cast^ tiicy are 
lumcd truly, and finished wilh a sr.raiiin^ totil- Tht usl* of a 
flic is not to be recommend cdf as it leaves a slight rovi^hncsts on 
thi* surface, which is delriniental lo good work. In turning Up a 
cenlTi^ ihc difference in cutting speed nL the [Hiini. and at the (jase 
of thL- etjnc is raiher wide, which i-i another objeriion lo Irulnj^ 
renires by luniing. Two t^vample* of otnt re-grinding anaehmenta 
are given i 

A centre ^Tinder by Lubnd & l<'aulc^onei is ^lluslraEed in li^. 
^o, i#hi;;h shews the apparmu^ mounted im the lallie. The lad A 
is first pKnced on ihe slide reiit, and 
the body is then set between centri-B 
by ineaiift oJ~ tbe ivp'o ct^ntre holes k, 
fl. in the apparatus, after which the 
tail K can be lightened upon tbe rent. 
The back prjppet being nc-\t with- 
drflvn to the rear, and the saddle 
of tbe lathe moved lo the riEhi, so 
as to disengage ihe api^ltance from 
the running centri:^ the i^mery wheel m is then broun;ht w\\ in the 
centre by the aid of rhe cross ulide, which serv*??* alwi rn Teed the 
wheel as ibL- point is ground. The emery \vbeel m is driven 
bom the largest belt er>tie of tht lathe by means *if the rubber 
tnaion wheel d. — by a universal jfjini, and an armni^enu-nt tif 
searing endowed in the casing. The wheel d is miiintaini^d in 
contact u'iih the eone by mean*; of a lever c, upon whieh it is 
repxlatcd and clamped by means of the siippurl v. Thi: lo-and' 
fro motion of Lhe L-niery wheel is imparted to it by mean^ of the 
knob It, which by means of the small rod passing throiiph the 
nuiin s|Mndle controls lhe wheel- Tbe bacii centre is trued up liy 
mouniir^g it ix\ th<" hL'adsloek mandrel for [lie ptirjjosL'^ in plaeu of 
the nmning rentre, 

A useful centre is that shown m Fign 4r, A slinnk a, like 
Ihat of a lathe tool, is forked out into two bearing^, and a bearing 
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h(»s Ji is raii^ed upon a !iten] from ihe lop of the frame^ At the 
upper end of this boss is a bearing, carrying a shaft, which has 
a hand wheel at t>ne end (ihe outer), iiiicl a hdl pulley at the 
other. The revciluifi^n nf the hand whed lunis the |mllf)'. "IV- 
latter drives down lo lh<; emery whorl pulby, of small ^i^e, to get 
a dectni rale of sp<;ed. As ll traversing motion must he given to 
ihi; [.'inery wlici^l to truvcl along the centrf being ground, the 
device shown is adopted, A ccniml spindle:, seen dotted, carries 
iwo bushes c, c, which are free to slide longiludinally in ihp 
holes in \\\i main frame, hut aic prevented from turning by small 

groovesj eut as showr;, 
into whieh the end* of 
screws project, and 
permit sliding motion 
only. To elTcct this 
sliding, Ihf knob i- is 
placed al the end of 
the spindle and secured 
thereon with a nut. 
The shoulder here and 
at the ends nf the 
bushes c keep the 
latter In place. The 
wheel spindle ib really 
a sleeve v. formed of 
the pulley itself, |Ji^ 
longed andshoulde 
lo hold the 
wheel, its two washere, 
and circular retaining nut AH this ninj; as one piece upon 
the central Jipindlf. By gmspjng rhe knob i\ therefore 
pushing it to and fro in line with its spindle, the entire 
cern — hushes, pulley, and wheel — slide while the grinding 
going on. The length of the pulley k \s snfhcieni ui ^Wm the 
belt to drive -it any |josi[ion of the stroke. A small screw in 
pulley is removed for oiling purposes, Tht shank o| the mae 
is so bent that wlieii tiatnped on the rest at right angles to 
lalhe npindle Ihe angle of the emery-wheel spindle is correct to 
the centres to fiQ^ Of course, the machine is not designed tci r^ 
move a quantity of material, but simply to take a scries of ligh 
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centres. The laitrr musi firsr btt turned up fn correct 

Hurdcncd, and ihcii (lie mnchlitt; is brou^hl inU use iif 

eflect£ or dii^ortbn in hEirdtinin^. It is also ^lst<^ ui 

a io kcf-p ihf^ miln-s ii|i Id [ipi/ec'l arciiracy, 

1-. ground by inacTlin^ ll in the huadMocIt liolc 

Their art^ iscventt CL^nlrc: ^rindcis nuw uii Lh<: ni^rkot nliidi 
iff dmcn ctt^otHcall)', and this is ;l wry cojivcriiinl modu of 
ftciiij^tbc motion of the tmcry wlit*-!, 

iVu^h 6o" is the sundarU ixugh fur cerUes, Conlmentdl 

ivaitici' hjs long favoLired 90% o< othi?rs of nearly Ihi? samv 

J'lMiitraon qf angk- Bui thnl i( is mjl u^sejitial, even in iht; 

k«ifi« wort that Ills to tjc catTJcd, tnjiy be seen daily in out 

'urntni-i. Thi* fai-i was, pcfbaps, never moxK stHkinyly exempli- 

Mthin in the Pund Lthe, liuili ftji the Watijrlivel Arsi:nal for 

iwvn^ i^in, guns, Ih^r weight of which is 142 tons. HcTc the 

'wtiH. mcMSunng 61 in. diameter, are of fio anyle. A go' 

■'CTiEfi Tnpre»cA one with a sense of clumsincs-v It haidtj seem,s 

like atvnlre, but a blunt object oti which tlm work is liable to 

KCl imi of iriUh and wobl>le. The standard anglf tjf fto' rs 

tn<T4SMx| in 9onic iixecpiional eases with the idea ihni for very 

.fk a blunkf angle affords a more secure hold. This 

^i.i> been niort rorimon in \W pasl than ti is now Ttie 

T^ ir> it5 favoQr are> Ihnt the mas^s of thu woik issupjKrrtcd 

-^.. "i-iurly, thcte 1* less wear on th*.- cenire, and ihai it h 

^Atbo ku iidbk to h<al. CVnirca of lower an^le than 60'' arc 

uithle ffff hphi worL, but nre seldom made, Occasional or 

xhird |Jprai tict has favonri^d centrt^s aho uf about 75 . 

The tendency is for centres to become more bluni with 

-^*^'- -imlcsh fugrinding Cn gauge is insisted on. They weir 

' fhr fjoiin tban eUfwhcnj, and if regronird there, wjiboui 

■- '^jleni iiniouni off towards the base, the angle will 

5" ■■ disc in the rourse of llmc. 

Cnttrc* un futrd to headstoek and puppet by conical shanks, 

"" " . 1 - to biandafd topers, j ditail which is perhaps of 

If in taThe*. llinn in drilliin^^ milling, and other 

It woiiUl Tiot answer to fit ceiitrt* widi screws as in 

o«ni' lathe%« txMMUKc Iliey eould tiot tie Ji^pcnded on 

C<wC4^ilTie trutli. TIit^ friction of the conical fitliug 

"iim than in pUcct and they need a little force to pu»h Ihrm 
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uut. This is bi?s[ applitKi by the pressure gF the screw in ihc 
loose poppeL (rig. 42), and by a simniicr or other <li:vic<: applJL-d 
to that in ihe fosi head. The common plan i^ co have iwo fials 
V on the [^oiallcl ixvrtiuji uf the centrci tn bt: ^rip^ied by u spaimct 




Fig. 47. 



(Fijt. 43). In ibe case of a liollow niandrul bl:he^ a lout '™1 '* 
jMisscd dirougb from the back, and the ccntTL- gently buiuiicd ouU 
The |)reseni tendency bciny towards ^tahdatdis;ilion| lalhc 
shaiiks might bt brought under this system. The Morse aund^rJ 
is no* Well known, but is not emplcyed universal II y. It wotiltJ 
render CL-ntres inlcrdiangeable on lalhis yf the same si/e, saw 
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time and vrorry, and ^iimplify the vrork of the tool room, and 
centres stor^a The usual English pmctice j^ives shorter bbanks 
than die Morse stdiid^iidi but iherc is no Hir);lish standard in 
cxiatoncck The MotsL tiipers^ as given by the Morse Connpanyi 
raiiye ffom Nos, i to 6j to the su?es in ihe table annexed, and in 
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Small F.niL- 



[II, 



SlmnV l-ai<ii!i. 
C- 



h<. 



1 


0-475 


o.j(H] 


2i^ 


3 


0,700 


Q,.S7J 


il". 


J 


o.gjW 


077H 


3 A 


4 


1-33' 


r,(uo 


4i^ 


5 


(-74S 


<-47S 


Si'™ 


6 


J-494 


2.116 


7* 



In J decently nude hlho the t*hanks should bv; ;;ryund and 
lined in a reamered hole, or, better ilill, the holt should be ground 
uuL alao while rcvolvint" in iLs own btaruigs. 

Prtlimifiaf)' centring is done in various ways, The flpphinccs 
used include compass calijitt'^, Ctmirc squares, and ^urface jrauges, 
or scril>ing bl^jcks. Each is more suilabit than the others in 
certain cases. Or, in the ca^e or true, or nearly true bars, no 
apijliancre is necessai>' far obiuining ihu i^uniri', but it may Ix; 
located al uticc by a bell centre punch, or tht centre may be found, 
a.nd drilled simulLineously while rLinziing rhe worlc m [he lalht. 
'Hiesc mcthoda are familiar, but it will be as well to point uut 
their special utilities. 

Thf? compass caliper, die ^urfac^ }S^^&^ ^^^ '^'^ centre square; 
arv o{ most value in pieces that arc considerably out of tttilh 
circululy. They arc not of economical value in handling pluin 
round bars tliat ure true, or ntrarly so. In using thtt f.x^mpass 
calipK-T, the bent, or oUiper leg is brought up agjinsl the edge cf 
the \r^T in three or four suceesi^ive and i^quidi^tant posiiioi^s, and 
^lioft lines jre scribed on the end wiih the i:om|jaih le^, che mean 
of the marks beiny; the centre. In using the surface gauge, the bar 
is laid horixon tally on blc>cking in three or foursuccessivc|>osiTitinB, 
3nd marL^ seribed un the eitd i-is before. The centre gauge Js used 
tu LiiJLrk mdial lines on Ihc end, the stock bein^ laid a^^arnst the 
uuiside, the inierseciions of the radial lines giving the cenirt. 

Centres arc made in the ends of work in two or three differcnl 
.wiys. In the smallest, they are frequently cenirt-punchedj hulf-ji- 
dofcn hlaw!i or so on the ptirtch being !»uflicient 10 [ircdtice a 
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centre deep enough lo carrj- iht work. A special bell ccnttt 
punch (I'ijj- 44), ^'*i\\. knuwn lor ni^uiy years^ is empLuyed aUo » 
its objt:t:i is to indicate the e^iacl ct^nlrt? of a bar aulouialicaJly) 
the inside of the bell fitting over thi; cdi^c^ of the tiid of ihe bur, 
and (he punch, svhich always rtmain^ tn the centre uf the conu, 
will inarlc Iht cuntre at unte. The iiuntli is alrut:k ju^t sufBeiejilly 
lo mark the end, a common centre ijuncli bting then used \xi 
enlarge the centre- The bell punch is not suitable for bars very 
much cjut of trutb) but may be uaed with advantage on [hose of 
regular shapes, as Tiquare^ hexagon, octagon, &c. 

Centring with the punch alon<? i& objetJtionable, except m rhr 
very liyhltst pieces, because the end of the cone stj produced is 
i>ound to be left slightly blunted, and this will blunt the lathe 
_ centrt- Tfi avuid this, iwu punihts may be 

used, one having the standard angle of 6o\ 
and the other 55" or 50' for bottoming. Htit 
cenlredrillinb" is preferable, bdnj^rnorc efficient, 
iuid practically as qurck if done pru[jt?rlj". 

The centre punch, howevtr, iJi useful even 

when work is tu be drilied and countersunk, 

being employed for tentative centrir^. Thus, 

after i:enirt?J4 have bci^n obtained approtimatel)' 

by centre sqjare, or scribing block, or calipers. 

centres [ire [loppei in the ends, rhe work ju^l 

pivuled on theat'T run round bj bond in the 

lathe, and tested by cbalk, ur by a scribcr 

point held in the rest. If incorrect, Iht' cenrrt 

pops an; currccitd by driving them afresh m the direction desired. 

When rhi^ ctnlring is lound to be true, the holes can be dri 

and counLerauuk, 

The old liddle drill was formerly veay commonly employed 
centring- T^tor came the lirace drill, uperaled by a bun 
and bevel wheels, ^ tcjol still employed tAitiisively in the general 
shops. Work IS also run in [he lathe, both to make, und !o 
ccjunler^nk centres alr^^ady drilled. Que plan is Ilj drill 
centre bole, and Mniply put the work in tbe Uthc to form 
countersink.. Another i^ to drill, and countersink at oncv. T 
latter savcb a ^ood deal of lime, and enhures tlie courUt^rsink 
and hmall bole buing concentric, and in line with each olhtr i but 
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the First-narned is suitable enough for the ireaiment of odd job 
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Wth regard lo the firsL method, a bar» siTaight or bent, ^s in 
'''g ^Si or a forked bar (Fit-, 46), is used To bririK and keep Ihe 
work In a teniml position while the countersink is being made 
wilh the square eientrc. The bar or fork ia gripped in the slide 
rest and jpraduaTl)' prtRsed .ij^ainst the work until it rotates 
circularly, and then iht srju^TL' centte is ft*d \\\. The latter is 
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inserted in ihe popp«t spindle, the round centre being removed 
fuT the lime beinp- The other ei^d of ihe bar being ftlready 
grilled, can bt- held in the live centre, ^nd rotated with the 
rarrier and driver. A quicker dcvif:i; is to use a self-eemring 
L-hiirk. or a dop chuck. Bui if JieveruJ pieces have to be cemred, 
a conical cup piece is more suitable, both centring and driving 
the Ijar readily. This piece can he i^npfJcd in a Jaw chuck. 



rrn 



irn 




Kit. 46, 

Ittit where Iarj;c quantities or similar bars have lo hi; centred 
th*y are dnne on a centring machine, which finds the centre, 
and drills and countersinks it — preferably performing the Iwn 
operalions m one drilling. One machine will keep a whole 
shop of turners supplied with bars. 

The hole \% drilled dc<:pt:r than the countersink {Fig. 47) for 
rwo reasons. The principal one is to prevent the bottom of 
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thehole— if coumorsunk simpl)'^ as when centre punched— from 
abrading Lhe poini of tl^c laihe centre. The minor reason is 
that a small portion of the lubricant is retained in the hole, lo 
that oiling or greasing is required less often than if thi; hnle 
were not there. Should the ctiunLersink in thi: work WCAI 
excessively, as in brass, it is more hltely to wear Inily wi 
drilled hole, than wiihotit. 




Fig- 47' 

It is important that the ^n^lc of the holes counleisunk in 
the ends of work should be exactly lhe same as that of the lathe 
centres. Any departure therefrom soon causes grooving of the 
centre. Of the two evils it is perhaps better that the >vork should 
run away from, rather than near, the point- But both are bad, 
as an incautious Uiriiet soon discovt^rs, Jf less, or greater, ihr 
centre will be subject to friction over a portion of its surface 
instead of all over alike. 

The si^uare centre {?\^- 48) is used to a large extent in shops 
for countersinking work in the )athe. It is not an ideal tooL» 
because its edges are not rrue cutting edges, but scrapes only- 
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But the same might be said against the old fashioned drill, which 
nevenhele^ has been a good servant, if the centre i& kept 
well ground, il will do its woik properly, and especially ir mugh' 
cut bars, the ends of which might damage more delicate culling 
instmmems. The taper of the square centre must be Icepi 
constant by gauge when regr in ding, otherwise the holes com 
sunk by it will net fit the lathe centre. 

A good form of countersink i^of circular shape, wiih a portion 
cut a«ay ^Fig» 45) 10 a fashion which resembles the 
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Wiu. In 4 modified fomi nf ihis, ibe culling pdg<- i: b 
ii A alight nngic, Co picducc a sbcfiting cu[, wbJch 
■ Ly 1(1 cjtise chattel than Iht other. 
Incpkcctjf the si-iuarc ccniic, and ihc countcrsint \^ oftni 
ttifn hj iniprt>v«l furrns which combine 
ifriU ukE counltT^ink In nnr. Fiy. 50 
»£iow5 1 fonii tliftt is common, ihe flal 
^bpfnf which, and plain ground edgts 
're nsdii) kepi in wotVing order by 
'tgnn-Jinj; ihc cdgca. This looK how' 
ffrf, iniwera bener in hra*.- Ihan in 
K>ii(J» mm Artd siccL 

^notbd tool is shown an Fig, 51. Fie 5° 

If bttiurvim ie«h. like a reamer, for the 

CUutcniDk i while ihc drill is a separate snmll iwist drill Alted 
niWi nnlnl hole and pinched vvich a screw, so ihai as \X wears, 
una be^dnnced for c(]m|>cnAat]on in length. 
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Seii and strurtgesE form is shaven in Kig. ,^2. made in 
l^iii-driil £uhfon, writh diagonaJ cutting edges, and grooves for 
-iriino: of chipsn This tool ciats readily, 
-^ iLiJUl^ with ^Ltctdard tio' 3.(igle, tn several 
no, the centre produced can bt' depended on for 
"' — \-- \i is used for centring machines more 
. ^ui Ihe ^me form is made with a taper 
*4iDt likr Kig. 49. ^'ip. 50 a.iid 5) should also 
hattUpCT shanks for lache uae. Bui the other fomi 
n hg. ^3 cdm be adapted to larh^ by fiiitng a. holder 
k ill the Upcr hole of the fJOppcL spindle, 
L^mtrin^ tf^jl made by Morgan Johnson, 
fwd, Tonn (Kig- 5^), combines a centring 
COUnlcr»Lnk| wtlh a capacity of bar from Fig, ^y 
Ik U tj in., an<i taking bars of any section, 
t^KtA, tK hcx^gon^l) &C. The cone A is of Eiardcned ^teel, 
.'V't^ A ball fACc above. The centring tool ia held in place 
ihe Ktcw V, and tite entire tool revolve^ except the cone \, 
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whic^ IS held on Lhe work by fnction af; soon as the two 
come in contaci. The further ftcd of the tool 10 ihc worlt, or 
vice vers\i, causes tompresaion of the helical sf^ring c^ and the 
feed [>f ihe drill. An adjustable slop o pt^rmi:!^ of worltJng to 
a m^iforni depth on <>uccL'?>iJve pictea. The shank is made h> 
suit any toper in lathf, or drilhng machincn 

A centTing chuck (Fig. 54) for bars, by the 
Cushman Company^ is consCrucLcd on sinulir 
lines lo the self-cenlring chuck by this firm 
for liiming. Its base is screu-ed icn the hench. 
The body carrying the jaws is turned round by 
a hand wheel, and the spiral thread on th« top 
of the Ihi-sc engages with threads on the hacks 
of the jaws, so opening or closing them on the 
bars A, which arL* then <;mict or thf central punch. 

Bars shculdnot be centred and countersunk unless the ends 
Are fairly true; that is, ]iot left aR cut off by the hot ?ielt in the 
amtrhy. It U not L-asy to centra- ihem if in this condiiion, and 
ihc rouyh ends also injure the lathe centres. If brotight to the 
laihe when cut off in this condition, tliey should he chipped, Of 
ground niughly iiver ihe ends before centring, or faced in a 
centring liithe. Plain bars are better if sawn off with a hack, 
or a circular saw, :ls they arc then at once fit to centre. 

The depth [o which worlt shalf he ci-mrc?ri depends on iti 
niflss. For light work, a fair centre pop, or n hole drilled 10 
a slight depth, is sufficient ; hut a% it increases in mass, Ihi.' 
centre must go deeper. But the whob of the cone is never 
buried in the work- The depth ranges from about one-third tf 
one-half the length of the cone in conlai i with the work. 

Specialisation occur:^ in the taking of the centring of work 
for the lulht.- out of the hands of the turner, and having it donv 
in a lathe constructed for no other purpose Init for dressing, m 
. cutlinft-offf and centring:, by a man vrho never does anything 
else. In a shop of only moderate dimensions a cutting-oJTand 
centring lathe must be regarded as an almost indispensable tool. 

There are many firms still tn which each turner centres hJs 
own work with compass caliper, and cE^ntre punch, or drill. Tht 
time occupied dues not amount \o much if the work of a single 
machine only i^ taken account of, Bui multiply it hy the total 
number of machines at which this gocM on, and the sutii totti 
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c i Uf^ Uiup will be found auflicirtnt Lti justify ihu puiclijue fif 
wj^i 01 mort fadng and ccnlHiiy ui.ichmcs- These are opcnrtcj 
^1 judihi, and unc machine will supply tMeniy i^r ihirly rim^ 
tNc fijwbc* of lather dcpcmlmg on the class of worlc dune, besides 
*htch thif cencHng will bt done more accuiatelyT and The ends 
;urd bnid^, mi diminishing ihe wear on ihc lathe ctrnlres due 
tu iSf ccnirin^ cf rovi>;h ends. The bar to bL' centred la gr'PPC^ 
\n t morible head, and run along against a revoMng facing, and 
<&iDii^ cutter driven by a speed cone^ Rods from \ in. upIo5 in. 
WraoTc in diameter t:m he Irealcd in Ihcst uiiichincs, Bulh 
iiigie ind d^itihlc-headed machines are madi', 

la a anull motor-driven, aingtc -spindle uiadiine for ccntrinii 
4it^ ap u> 6 in, diatnetcr, by Uroop & Kein« of Bielofeld^ the 
wiiriiig tool ts of a special 
IS madt in thru*. 
. 55, i:oni]iri*iiny an 
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vuber ciicultft n.u-t ruled 
outer i, vb^ch J^^es L>ff the 
t«b of the work, Ami a 

■ "Li tuol u enulosinfi a. sinul] drill c, wliich has four 
■■-ing deep, and two filiallow, running parallel. The 
tluJJutt grurj^c^ are ubcd for ilainpin^ und driving the drill b^, 
■hilirthc deep ones scrvt hs cuttm)^ cdge^, and ptmiii of a Ircu 
QQipecdlhr' otiips. Each part of ihh (.'onij>ound rool can be 
ifur^mcd indcpenUenily of the oihtr. and each can bt rcnewt'd In 
Q«o( fraciijre, "ithout throwing away the entire tool, liach iilso 
oajr lit ittod antil worn nearly ta a itump. The small drill. 
" '■ '*! T-jjDL'f afo made of drawn tool steel. 

ri higii-cl:i£s centring machini^^ h<v^'e tht* tuUowiDg 

!■ ', A Lwti-jaw i:ont:cnirjc chuck i:» pTij\Ldi:d al cacli 

.. . Lt.J'jvi rnandu'L, so that a bikr is centred at both ends at 

v^v. perfectly jmnUlcl A pair of cutting off rests is moved 

"■nrdt b> htcuiik of u handle o|>eTaimg a right und Icfl'handed 

**r* T^r ihdt ri-Bt carries a facing' cutler and a head^tock 

tip nncS rcntrjnj;^ 

ijoditWd dc^i^n. the btin ^riji|H:d viLth u tvitj^jiLwed con- 

wKk at the Imnttare cut off tiy a tool held in a rebl 

ii-ni immwlLiu-ly in fruni uf ibc chuck I hen ihL' 

I A iwih-jarttd \icc cLirria^e, movaUe on the lied by 

"<n uid hsind nlied« and the ending iind i-entring locil \% gripped 
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in the cuEicei^tric jaw cEiuck on the be^dslock, and operates aii 
Lhe bar fed forward to it by the vice carKagc- 

Centring laihes are made double-headed for (he convcniena" 
uf centring boih ends of bars, wllboui having lo turn thtni end 
lor end, as in the single-headed lathes. There art: two carriageai 
and jawi for holding ibt biits to be centred. One is traversed 
with rack and pinion, the other is connected to it with a slide 
rod, so that both are moviid in unison in either direction. 

Ir one design, the centring is don* by moving iht? spindle of 
the headstock forward against the ends of the bar, which are 
gripped in a concentric chuck bobed to ihe bed. The movement 
of the spindle is effected by means of a screw and band wheel 
pushing forward ilie tailpin against the trd of the spindle. The 
tailpin is carried in a bracket which is slid along a plate at ihe 

tail of the headstock, the splndic 
sliding through the hollow driving 
mandrel. The top of the table 
forms in the centre a hollow trough 
for oil, and is provided with a dish 
running all round Co hold the tods 
to be centred. 

.Another machine has two spin- 
dles» one for facing, the other fi7r 
centring, and count erboring, and one 
is brought against the work immediately after the other, ilie 
location of the spindles being fijtcd by stops. The bar is gripped 
in a vice or chuck with interlocking jaws, and carried at the rear 
end on a vee with elevating screw. A pan beneath catches 
lubricant, and chips, 

Cutting-off machines arc made without centring heads, for 
severing bars of stock in readiness to go to lathes. The priricipal 
device embodied in these is that of gradually accelerated motion, 
as the tool moves inwards from circumference to centre, Reverw 
conea an; employed to produce this motion. Lathes of this type 
have a hollow spindle, through which the barf are fed, and an oil 
pump and tank are provided for lubncatiorr. 

In doing heavy turning it is difficult to keep the centre lubri- 
cated, the oil or grease getting squeezed out by the pressure. 
Then the back centre may hsive to be slackened to f}ermit of the 
insertion of fresh lubricant. A dodge which is frequctitly adopted 




Fig. 56. 
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idrillin oil bole in Uie ccnirc in the mkLnncr ahown in Fig. 
A link «ood plug mu»i he llued in the couinctsunk bote w 
4CCOS of diit oi gru, which would cause scoring and 



ppPB|$ tht centfi: hcle In finished work is oricn not only 

able, but desirable- It is so in any ahafta or spindles 

Is Of puMej'fi thai niay hive lo be Irui^dup from lime 

-_' jtiurnal necks of which n:i:iy b:ivc to Jie re-luriieri. 

fitie crtiHc must not be left in, an excra length equal lo the 

ih« hol« mu^i be l«ft, and the end 

lowQ cIoh: Lo this, to be cul cH* 

Ai lork done between ctnires ia only 
irXfd on ibc centres, it bus iCi be rotated by 
-r^thc dtirer, — and something has lo be 
ndcd for the Icveiagc to be cxtfLiaud un — 
uTTicf, &r do|^ Th<?rt ure iwo kinds of 
in utf. the Kinglr?. and ihe double, or 
Ooacnl* driver. The driving force of the first 
,unkUnccid» thai of the second is equal on 
i»drv of the centre, provided \\ makes 
ict4t both ends of the carrier Frequently 
lihicuu-icd as a means of attach men l. 
driver. Anything, in fact, will answer 
!|iOrpOK p A small angle plate^ a pin or bolt, 
oiha itticles are iniprovi-sed for the „, 

fTlie COQimon dog or carrier \ Ftg, 57} is made to encircle and 

liie end of the work. This ts disadvantageous for two 

{one being thLil a shoulder has in some cases to be 

I, and a supplementary portion made to receive the 

r, ihii liaising I0 be cut l»(T after «varda^ Anoiher is, that 

in^ cannot be done on Ihe end occupied by the carrier^ which 

iiiair*! rechucfcing. end for end. 

T'j pT<:vcni tlK W.TCW of the carrier from bruising a portion 

Im IxTf^i hnish- turned, ^ strip of lead, or copper is inserted 

the «crev and ihe work. Or a dip of lead, copper, or 

irclcs ihe work to take the pressure opposite the screw, 

thai of the screv itself, 

form just slicwn ia used more extensively than any other. 
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nolwilhslardinj; fls slight dTavUicks, which do noU howc^'cr, 
weigh very heavily in practice- A raodificalion is shown m Fig- 
S8, iji which two horns are subsiituted for the ont in Kig. 57, w 
permitting of the exercise of equally baUnced furces or each sii 
ol the ceiitre. 




The objeciiun to btrlh iht^c: d^isi^n^ on a^ccouiU of the prcssuri^ 
of the ficrtw pojiu and the limited ran^e of any single dog^ 
coupled With the fact that such dogs are noi imly bidanced on 
\hc work, is avoided in the do^' shovrn in Fig. sy. ,^ larger 
gtippiTiR area is obtained, with a wider raiige of adjusiabihtji 




Kig. 59- 



Tlie [Turved face^ of Lhe niJts and washers, as sJiown, allow <A 
variation in r.mgc without any ^Iraiiiing to the acrevvs, and alsu 
])t'Traits the dog tu swivel in holding tjporL»d work. I'ig. 60 ?^hoi 
the Billings & Spencer dog, w[)ic;h, by the pivoting of the lowi 
piece, Js adapted to lapcrcd an well as parallel work, wliile tl 
adJUF^ting scr(;ws afford a gond range fn diann^ters. 
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With regard lu ihe methods uf driving adopted, ihc: iwo 
communeat are those shown in FiRs. 6i and 6f, In tbL- first a 
pin is bolted into a small face platt, used exclusively for driving. 
Or a pin uf ihc same shapi^ is usL-d in any slotted fact; plate, tliL' 





Kit- ^- 

ds in tSc lallci allowini^ ^if radial adjustnicni^ lo sjil dog* 
of diJTerent si/Cb, In llie other design, the do|i and driver art^ in 
one piece, the tn^il uf the c^irrJer being bem round to enitr a slot 
m the driving phle. The ^reat udvjnla^e is that there \% no 
backb^h b*;lween the dog and the driver, due to variations in the 





KiB- 6t. 



F ig. 6a. 



drivihg fofcc broughi \u In^iir u^Hjn ibt- work, or to sudden jerks. 
In Fig. 63 the driver is a plain pin, which can be adjusted length- 
wise and dainptd .inywbere. The advantage of this U luund 
when ihc distance of the di>g frum the j^laie Ims to be varied to 
suit worh. This plan is adopted in several lathes. The same 
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effect ia secured by screwing the pin and fitting a couple of nuU, 
one on each ^idc of tlie pfate, so allowing of adjustments and 
of scci]r<? damping?;. 

The Clements driver (Fig. 64) exercises an equal driving 

pressure on opposite sidtis of the 

. workj iinii possesses the power af 

I sclf-adjusimenl. The canricr is 
' not shown, nor the laihe centre^ 




which passes ihrovigh the face plate. The driver 

comprises the face plait a and the dnver plate 

B carrying the two pins c, c The driver plate 

Txz. 63' if* >ri the form of a cross sliding freely on ihe 

pJate A, retained thereon by two fixed stud* 

u, D, in slot holes. These studs are screwed into the plate a, 

and firmly locked by nats at the back. The sliding takes place 
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first until one L^nd of the carHor meets one pin, when Ihe 
other end comes along, bringin^^ the other pin iiuo contact with 
the othtr end uf the tijrricr» and driving Ijcgins. rrcxiuenllj 
another pair of holes is drilled and tapped al a smaller radius, 
to permit of changing the pcsiiiun of the pins c, c for smaller 
cairiets. 

Messrs Parkinson, of Shipley, hfl%e a form of driver by 
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the airkwaitl sticking out of the homs of carriers and of driver 
ptns is avoided. It takes the form of a ring to be screwed to the 
face plate, and completely enclosing carrier and driver (Fig. 65). 



F^, 65. 

There is nothings therefore, to catch the turner's clothes or hands. 
It is also a double-driving plate^ though not with means of self- 
adjustmenL The protection alone afforded by this is a valuable 
feature, quite apart from the balanced drive- 
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ExAMFLCs OK Turning between Centres. 

A rin — Prcacncc of Squuc Anglu — Use of Side TchiIs — of t'lirtmi; Tools- 
Cou^cx Rdc&— The L'&c of Tvio Toola— ClicqkinE I'Lirallcl Work— 
ShojIdncJ Work — Cuitfcd Ttwls— Bcllitd Wurk — AiJvanla|-c <jF Rontb 
Turning — Roughing arc! Finishing in niflerenl Ijilic*— Nued fif Goort 
Support In Tool in Ucflvy Cuiliog— Kenduig of blender Tieccs- — Undc*- 
culling— Brit! piJiE O]>eo Ends Forked Endi>- Meihods of FkiJnfi Biidge 
l^iccca— TJic Uhc uf Wood MindrcU jind olhcr Aid&^Tflpcr Turnbc 
Devices^ Various Enflinplca— -Jjiihc nhh Gears— t^iiL|iLL'a uf \V'«k— 
MeasDtEitiPiil — Kmpry — Rough am"! High-clfl.is Turning ^Ouljiiu 
LaihcL;. 



WE now take a few examples of jobs done between centres by 
the ordinary methods vhich are At the command of the 

A pin[Fi^. 66) IS a conitnun object, which goes to tbu ordinary 
lathe in th<^ al>sence of lurret laThi.'s or auLoiiiaiics. Gr^ in any 

caae, if of large aist il 
will be done in Ihe lathc^ 
helug tEKi hlg fur the 
special machines. In 
such casts the forging is 
^encTiilly nL^du with thi: 
colUir and Jihank nuarly 
to dimensions, itiste 
of tuniinij tbe piece fnj 
plain bar, of the dm 
meter of the collar. Such pieces, if ret^uirc-d in tjuantiiy, and 
not too lut^Ct are suitabL' for drop for^ng^, m vvhich case very 
liLlli:^ is left to takt tiff; hui in siiialt numbers they must be tumod 
from bar, or from anvil-made forginfa, willi the collars welded on, 
or the sh^nk swnged down. 

Ill forcings made thus, wiihoui any e^rra allowance in kn^tl 
two chuclcfnga are necessary on account of having to flt the cani* 



fl 



Kifi. «, 



rly I 



TC^RNIXG PETIVKEN CKNTf^ES. 



fl 



jl opixjsile ends. If this is to be avoidedt an eilra leiit'th mual 
h€ led -It one end to be cut off after turning, either at a or at B, 
Fig. 66, which is not worth the trouble', hecausi^ it is tint [he worlt 
of 1 minute or so to turn a sniall piece like ihifi end for end in iht? 
ceMres> and shift Ihc- carrier- 

'l*he longitudinal nirning is done with roughing, and finishing 
cuts by means of ihf vaiious tools of suitable kinds shown in 
Chapter II. The end« and edges are done respect i v efy hy side 
ttNils, and radius tools. 

In jobs like this, and also in V'\^. 67, t^|»icai of others, the 
presence of square inlernal angles renders necessary the use of 
square finishing tools, which may be of cutting, scraping, or spring 
lypcs. according lo the nature of the material, and the- degree of 



or 
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Fig, 67. 



accuracy of finish Tequired. 'Ihe roughing enn be dono with a 
round nose tool, or a knif<? tool can be used, both for roughing, 
ami finish-facing the shouldcta. 

The side tools, one of which is shown operating at a. Fig. 67, 
are knife tools, fed to their work h> ihf loofiiiudinal traverse of 
the lop slide of the rest. 'J^hey are made right, and left lo suit 
Dppo&ite faces. They must be set square across if the shoiildera 
are wanted aijaight, uhich can be done with a airaighi-edgc, check- 
ing il by reference to the edges of the slide rest. 

It is conveniem sometimes to use one tool for working on 
ijpi>o&itc fa<cs. This can be done with the wdeculting tool (Fig. 
67. P. n). cutting en each edge. The special value of this tool lies 
in cultirg shoulders that aTf nearly adjacent ^Kig. 68), in which 
case It may be used as a parting tool Is. The eomcr<3 will be 
sqaare, or rounding, tc mit the job. But a proper parting tool 
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has J cleirance backward, jndicaii^d ai c> Fig- 67. lo pt^rmil it to 
pendmtc the metal without friction down the sides. W contact 
occura thcrCt the tool can hardly be made to penetrate, hence the 
rca&cn why it ii]u;>l always be: stt qiiiti: square, ut normal lu the 
axis of the work- If it is notr the turner soon becomes aware of 
the fact- (Ste p.i^ 46 for Ternaries on this tool) 




Fig, 6S. 



The convex edge^ (tig. 66) arc done with hollo* tools {Fig, 6t 
which are kepi in different radii to finish the edges at one cut 
The first one is stl at an angle of about 45' m the rest, as shovi 
in Fig. 66 ; the other two are made riyht. and left-handed, ai 
serve to trut the pcrpcr^dicular faces as wdl a& the edges. 

that the latter merge into them vrithoi 
^^1 J: leaving n mark. 

Two tools can be used in the 
at once on some jobs, one; for roughing, 
the other for finishing, provided the^ 
work ib all plain turning withi 
shoulders. That illuslrntes one advan-' 
tage of the English four-bolr clamping 
Fig. 6^ plate. Even wht^rL- there is 01 

shoulder or more, the device of \\ 
toob can tie adopted for the long ^ilaln portions, jla in a long pit 
or the winch shaft {Hg- h%\ in which case thL^ roughing tool must 
be removed when it gees 10 the shoulder, leaving the finishing one^^ 
free to complete its work, ^H 

In turning examples lilce Kip;s. 70 and 7 1| a considerable tim^^^ 
is wasted unless the forgings are stamped ncarlv to size, [f rough 
hand-made forgings are used, or if the attempt is made to turn 
from straight bars, not only are templets necessary, but a successioi 
of steps should, for s<^unty, be turned down (jrst. Hence 
gri^at advantages of doing pieces like this with forming too) 
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lOfrei Ulhes, provided Ihcy are uanled in sufficient nunibcTfi to 
pay for ]l\c. ouiHt. But If iliey a^ie nol. ihL' r^uickcsl nay vs to 
shoulder doAn in steps in the manner indicated by tho dotted 
lines in Fig^, 70 and ;[, aftT^T which the curves cati lje imparled 
by t>;«TaTing llic croas and longiludinal feeds both by hand, 
the eye judging of the close degree of approximation to the 
desired form- Instead of shouldering down in parallel portions, 
the pajting tool can be u^cd in ihi: manner indicated in Fig- 72, 
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giving diameicrs and lengths between which the tapers and curves 
are imparted. 

In these days of growing appredation of turret work, and 
forming lathe tools, it may seem to some undesirable to cite 
eiample* of this tind, bur the/ are Fairly warranted by the scope 
of ibis volume. Tuiret work dues not meet ihe ease of odd and 
occasional jobs ; its place is where numbers are concerned. 
Profile turning with a foftner, using single-edged common tOols, 
is another alicfnative ; but 
that mv-olves the making 
and rigging-up of the for- 
mer, *ith the cost of which 
the Job has to be saddled. 
The ahouldenng down of 
pieces in the manner shown 
IS done on the larj^i^si 
arlicles and on single jobs, 

the man working direct from the drawing, and willi Itie certairty 
ihftl ihe dimf^n&ion^ will be right at the shouldered part^, leaving 
only the intermediate ones to be done by hand-opcraicd move- 
menls of ihc rest, 

A good deal of this manipulation of slides i'^ done, apart from 
shouldering down, m turning curved and other irregular forms. 
Rapidity of results depends mainly on ihe eye of the turner, who, 
if over^mJlious, occupies an unreasonable time In doing the work. 
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fiT if rrirelcK, spoils tt Frcquenl trying of ttrnplt'ls b necessary, 
whether shouldering ia done or not, exccpl when forcings are 
siamped wilh so bate an allowance for cleaning up that chey 
become a guide to finishnig in the lathe- 
To a certain e\ttnt \\\^ linishing tools aid the turner here, and 
conduce to accuracy. Of these a largif stock is kepi- The nearer 

A^^ ^-^r^ the curve of a tool hapijens to coin- 
\ \ /•' ^\ cide with the curve to be finisht'*i, 
\-, J the hener ; bm as that docs nol 

always happen* the tool vill have to 
he moved rouiid on i(i^ axis slightly 
by the manipulalion of both slides 
of the rest These cun'ed tools, 
both for inside and ouiatde radii, an? 
nearly alwitys horizontal on ihc top 
facej acting therefore by scmpinji simply. But as their function is 
merely that of removing ihe marks, and slighL ridges left by tht- 
roujihing lools^ they have rt'ally nothing to do requiring top rake ; 
which, moreover, could not be imparled regularly all round. Kig. 
73 illuhtraies three round m)sc tools of drfTerent widths and 
curvatures, but a good many must be kept in quick, and flat radii* 
Another ca^e in point is that of bellied conneclinj^ rods (Fig. 
74) thai are not made.' in c^u^nticies. Thi^sc arc often turned in 1 



Fig 73- 





fig- 74- 



auccesMon of steps, leaving the jntcrveninE apaces to be done l>y 
manipulation of the slides of the rest. I^ut the bellied form is now 
largely' dispensed with in short connecting rods, and in those for 
small engines, which tussens the cost of turning, the strength 
allowed being sufficient without including the correct parabolic 
form that corresponds with the stresses. 

The shouldering down of a bellied rod in short section!: o 
(evr inches is not necessary if a rod h forged neatly. Itui forging 
of this kind has mostly to be done under the hammer, with 



>Ii c J 




TURNiNG BETWBE.\' CBNTRES- 



fir 



rlirs only U-ing nvailabt«* in rods af no grct^l lenglh. By u^ing ii 
IcrnplL't rut In ihc uurve, the bellied porlion can b^ Lurried ^tboul 
(Citing in, by simply Etirniitg the diani^Ei^rt; nl A, \, and H to si^e 
first- A fliil'tnded mo] is used fur frntshing, the curvaTure licinp 
inappreciable on a short lenglh- 

The s'^bukr pnd can be lurned lo a [emplelj Ijting generally 
forgid nearly [« sha|.X' Jiid si^^t. often in dies, even [hough lb*: 
sh.tnk Mx not. The ^iohuLar shape may also he finished smcx^thly^ 
after Toughing down, by a forming tool i»f that sha[>e, ihough if 
utily 2 fe^ rods itre vanted of z. M^e, II doe.s not pay Lu make such 
a looL The Hat end is roughed down wich :i round ended tool, 
u^ing ihe cros^i iraversL' of the rest, and finished with die side, of 
knife tools, riglir, unU left-handed. 

An ingenioD& method of rurmng bellied connecting rodR, 
which vive^ ihe trouble t^f usiii^ frirmeis, or of lurniny \\\ steps, 
is as follow*-- — 

The hivndle f»f the cros^ traverse ?^crew of the sh'de resi is 
Uikcn utf, and a spiral cone filLed in ib> place. '\\\\^ takes the 
form of ft casting, with the scroll goin^ around ii about live 
time*. A fljii link chain is wrapped round this, starling at Ihe 
jjriaUi or uutcr end, whtre it is fastened with a ^c( ^cre^v. A 
tt^mporary piilar Is fauened to the lalhc bed, ciost lo the driving 
liritd. and lo thiii the fri^c end of ihe chain is anchored. In 
upCTiihfir. (he slide rcat is ,<!taTtcd at the largest diameter of the 
cunriecting rixl> the chain wound round the F<erolt, and attached 
lo the pillar. The slide ref>l is then fed -iway fruiu tlic htadsiuck, 
This naturally causes the chain to unwind, and so revolv'e the 
scroll, feeding in the srr-;w, and produring ihe bellied cutline, the 
latlcr being caused by the fact of the scroll getting smaller in 
diameter u il rears the outride. Alter doing \\^i the rod, it i^ 
reversed hi the lather the chain wound up again, and the opera- 
liou repeated. 

The details of the lurning of shouldtired work art simply 
settled by eonveiucncc. The whole [ciit'th may be roughed out 
parallel first, and the shouldered reCk^sses taken oftcr, or each 
f^uldered pan can he roughed and finished independently of 
all the rc«t< If ihc latter plan \^ folbvcdi there ts ju^t a chance 

wht^n the lost portion ii. linishedt that which was lirst done 
l>e rt>und t(> run sli^^-hlly out of truih, due lu the removal <jf 
ihc surC^e tensionsn l^c inaccuracy tliat could happen, however, 

» 
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is so slight, thai ii woiild not matter in the greater pan of en 
gineere' work, nor in work thai has lo be finished finally hj 
grinding. Moreiivi^r, it ofti^n ha]j|jci]^ tha.1 some pu^Lioll^ ^rc 
only rough-lumedi not being working parts. 

Sometimes it is desirable lo roiigh-rurn a whole length of 
material before turning down any shouldered parts, airaply in 
order lo reveal any fliiws or dirty portions. This i^ more necessary 

in wniughl iron than In sttti, and 
in l>Iaek bars than in those which 
ire rolled bright. It is practicatly 
iilwayi necessary in cast-iron vroik 
of cylindrical shapes, and especi- 
ally so when the casting has licen 
f>outed on the side instead of on 
tMid. It is easy to see how a piect 
has been cast by noting the loca- 
f-j, ^- tions where joints and runners havt 

been ground off. 
When turning work in which slioeldcrii or belts of the samt 
diameter occur, those of one diametf-r should be finished at the 
same setting of the tool and rtjst, and [hose of another diameter in 
another setting, and so on. This saves time and trouble. 

On some work done between centres, ret^essing or under- 
cutting has to be done {Hgji, 75 and ^fi). Two kinds of Imb 
are used for this, the right 
and left-handed pariinj^ 
loob (Fig- 75)* and the 
borinfi types ol tools of 
roughing, and finishing 

kinds— that is^ round and T'iK- 7*- 

square- ended respectively, 

— the latter ivbcn the recessing ia of *ome considerable di 
approximating to boring. 

In some eases it is advisable to begin a piece of work on one 
lathe, and finish it on another. Thua work may he roLight^ out 
on one, and cornplcted on another, or turnmg be done \n one, and 
screw cutting elsewhere. Usually rhi^ would mean dividing the 
tasks between a low paid and higher-paid maji, or between »n 
apprentice and a skilled workmaUf or a plain turner and a screw- 
culting hand. Or one lathi: may liave l>etier faciliiies l1 
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mother for tine finii^hnig, or it may be that ft number of pieces 
art roughed out for srock, and finished in quanlities lo lessen 
costs. Or IX ccrtiiiti laibr may not be spared for a sui^ciently 
long time tc conipttete a.U the operations on such pieces- Centred 
ffcrk lends ilatflf to tlicsi: divisions of tasks adinjiably^ bi;cause Ibif 
conicaJ holes lit any lathe, which is rol the aist with face plate, 
and most churted work, because all chucks cannot be dcpL'ndod 
upon to carry a piece peifectly tiue id the same manner that a 
centre does, 

\t 3 loot has lo do heavy slrjjging, li musi not orly be very h 
stiff, but must be supported, and firmly held alniosi elosc Lp to 
[he culling poini. A cranked LooL, iherefore, is not so well 
ddaptk^ for hifavy duty as a sifaight ont^. Occosicjially a prop iri 
inserted between the bottotn of a springy cranked tool und the 
carriage, when the overhang is considerablej to serve as a siroi, 
keeping il up lo its work. 

A dithciiUy which is often encountered in turning blender work 
dtpne between centres is ihe bending of the pieces. Where the 
best rc5ulu arc desired, a good pbn i:i to rough off the &kin first, 
and lay tbr wtjrlc aside fora few days or wcreks if possible, when it , 
will often be found lo have rhanged its forHi, nni mneh of course, ' 
bui ^ufltdcntly evident when rotated in the lathe. 

There is a large proportion of lathe wort done beTween centres 
in which the ccninrs either cannoL be ^ot on the work itself, or, if 
they cfln» the ordmat)' method of Tot:ition with earner and drtvi^r 
is not availiible' In many cases it is necessary to bridge an open 
cfHl with ft strip of mctaU and put the centre in thai. In others, 
a more elaborate fitting of which a crank plate fuirisbes an 
illusTiation— has ro lie mwde. In others, iigain, the centre is 
dispensed with at one end, and the face plate utilised for driving; 
t>y, in others, cone centres are employed. In nont of these are 
the ordinary methods of centring p racl i cab le^ neither the com- 
passes, bell centre punch, nor centring machine. 

When an open end has to be bridged with a piece of metal to 
receive the ccntr*:^ the end a^usl \yc rigid enough to reai^t any 
outward procure exercised by the bridge piece. For example] it 
would not do to bridge the forked end of a conneiling rod, be- 
eau!>e that would spring' the fork outwards, and hifter being turned, 
\\ would spring back, and remain permanently out of truth, Sucli 
forked ends should therefore be chucked by the aid of a f^ice 
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plate, usinji an anglt' plaic as an intermediary, or uisc by a special 
(ixLurc-. IF, howL'Vur, j \\Viit: btf used, il should bo combint-d \\\\\\ 
clauips 10 [ircvcnt thf ffirk? bciny tliru^ii asunder. 

Thc prtJiJcr caic for plates is in pitcea of work ihai arc t:illn:E 
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hollow and circular, or which ari: riKJd cnouyb in ibcmsel 
resist Ihc pressure tending to force iheni oulwardT^. Thus, many 
rulumns have ihdr ends bridycd^ and held bpLween cenire* while 
the Snnges are fated and turned. Jobbing pipes {V\g. 77) axe 
treated *iimitarly, as are hrge bushes, lintfi, 
Ltnd castings of various shapes liavin^ 
cenlTf cores. 

Hut in bridging the ends of a casting, 
noi only has the risk of sprin^'H wJlh result- 
ing disTorlion, to be cartfullj^ AVi^idcd, 
[MFticutaily in lliin lineis <iut the hridge 
also must be so fitted that it will not shift 
under the pressure of the back centre- 
Hence lKl- reason of the vjinely in the 
niLithods which an.- adojUcd in rutinfi 
tempuriiry centres of ihis character. 

In lilting bridge pieces like tliireu in 
Kig. 77, the 4.-nds must be bevelled. I' 
ihcy arc cut just square, ilien^ (.'vcn ihuugli 
driven in tightly, the prtfiJiure of ihc back ccniic will pu^h them in|o 
nn uncertain amounu 'I'he amount of bevel given is indJcaied ir 
V\^. 7S, the object beinj: to make the piece a driving fit with llic 
hatnmer» ai^d ]»ot quite flush with the end of the work. It may 
or may nut then beuoujc pushed in u little farther by the b&ck 
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centre^ Sometimes bridge pieces are fiued with a shoulder^ as in 

Fig. 79. Then the portion that comes wifhin must be bevelled 

sliglitly to j&m in, otherwise it may work slack. The shoulder 

prevents the bridge being thrust inwards, but it also interferes 

ttith the facing of the end, and is therefore only suitable for 

adoption when the end 

has already been faced^ 

or when it may be left 

rough, which is not 

often the c^se, unless 

in tkit of liners like that 

shown in the figure, 

the ends of which arc 

faced'off flush with their 

cylinder bodies ader 

insertion. 

Bridge pieces in work of small diameter will not shift sideways, 
but they are liable to do so in large work, and especially so when 
it is so slender that hard driving is not practicahle, 'I'hen bohs 
are used to steady the bridge piece laterally, as in Kig. 79, which 
shows a large liner being centred for turning. This plan is fre- 
quently adopted in odd sizes of brass liners for pumps which 
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would not pay for the cost of special centres, and which are too 
large for conical centres. The bridge pieces are not driven in 
very hard, the liners being only from % to \ in. thick ; neither are 
the bolt nuts tumed very tightly. 
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In large pieces of which s^^veral have to be turned, a spider 
centre can be cast like Fig. So, driven in similarly to the bridge 
piece. Such a deWce is suitable dike for parallel work, and for 
R. bell-mouihed end, as in thi:; ^gure. The ends of the f;pider can 
be plain, or, if of large st^ft, t:iin he recessed lo form two bearing 
steps A\ llie outaidc (Fig. 8i), a plan which renders Ibe fitting 
_ __ tfosier, and more ^eeuro- in roughly cored holes, as 
ill those of colunins. 

Fig^ %z shows an alternative method. A cast 
iron dUc IS cenirt'd in a cored hole, or in one in a 
MccI tube, by means of three set screws, provided 
^vith locknuts to prevent slacking back. 

frj ilie smaller classes of work frecjuenily a Itener 
pbn to adopl than that of centres^ is that of wooden 
ends^ or wooden matidrets. These oaji be used for 
piece:i that arc rou^h-cast or boted \ but wood is mil employed 
OS a rule when other devices are available. Still, it fills a very 
useful place in all turneries. 

Large pieces can be chucked with discs of hard wood (Fig. 33J, 
turned, and driven into the endsj or bridge pieces of wood will 
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ADSweT the purpose in work thai is rigid enough to stand the 
driving. Short piece? of moderate diameter often have a wooden 
mandrel driven right through (Fig, S4). Hard wood should bt 
used for thci^c ends, and mandrels, because the back centres we<r 
rapidly in soft wood, and cause the work 10 run out of truth, 

/ perha|js hcfort it is nnlslied. Otherwise soft wood is just as 
C suitable. By the use of iron dogs, or end plates to receive the 

\ centres, this objection oin be obviare'd The mandrek must be 



TUHNINO BETWEEN CENTRES. 



turned so ibal ihc wotk will drive over just liglitly willioul 5pnng, 
A moderate amount of fmlion will suffice to hold metal tightly 
around wood. Rough turning suffices, tht slight ridges left by sl 



fr^. 



3;:-- 




rrmiid-nosed roiighing tool or by a b'ouge lielping tfJ hold the 
work better than a very smooth surface, 

A stock of plain iron or sieel mnndrek is an indispensable 
portion of ihe equipment 
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of uny lalbe doin^ general 

work. A typical group Df 

these IS shown in Fig, 85 ; 

but a single latbe will acca- 

muUtt^ a 5tock of several 

do/cua of different lengths 

ind diameiers. Most of 

tbc»c ore stepped in ihe 

m&nner shown uUtie ligure^ 

10 lafct ftOTT two lo lialF-a- 

do/en difTerenl bores of 

work- A flat should he filtd at both ends lo receive ihe set screw 

of the carriers used. !i (s lo lessen the number of these solid 



Fig, 85- 




Fiff, E6. 

nundrcU that ihe various expanding mandrels are designed -, but 
iKftL as dnoiher matter lo be illustrated luiet (Chapter VIIT.). 

A ^(ood deal of work of some classes is done on cone centres 
(Pig. S6), Tubes of wrought iron and steel that have to be 



38 



£NaiNKE/iS' TlJfNING. 



\ 







l-Tp. *7. 



ihrtfadtjd externa!!)' ate often clocked llius, but tlie device \% a1 
suiiabli^ ri>T turning buiihcs, small Ifncis, and tubuUr pieces gejicr 
ally. It js suilLibk alike lor hored amJ for rough-cored pieces. 
ThUi^ «ork will be bored in ibe laiho or elsewhere, and chucks 
un ihc cone centres, lo Ijc turned outside, or it will be cbucbcd 

on rough holes, and 
lurned, driven into \ 
place, and bored th 
Tht cone centres fit like 
ordinary ones by lIuHr 
tafWTcd shanks in the 
hends. The friction is 
considerable between 
the ^urbces o!' the back 
centre conu :iiid the hole \\i the end of the \vnrk- To avoid rhi 
many revolving cciilres are used, the best l>pe being the T4yl 
(Fig. 87), in which a bait race takefi the thruEl of the revolvi 
crjiit, ensurmj- the minimum of frirrion. Another common style 
is that in V'\^. 38, in which plain frinion wjij.hers take ihe ihrua 

An aliernatiVL' to perniiinent rejitrtN in some classes of 
work is (o in.'icrt a rough 
remporary centre, and turn 
a bek on the tasting to he 
embraced by nnc of the 
tiieadies, and so chuck the 
free end of ihc work thus. 
Tapers as well as curves 
fre((ucn[ly aUernare with 
parallel portions on the 
same jiiece. These tnay 
for jffactical i:iinvenienct: 

he divided into long or low angle laper^;, and short or highangl 
ones. With few e:<ceptions. [hese are turned in Englisih shops by 
the aid of the seL-over poppet in the first caac, and by the :swivel 
slide rest in the Kccondj Che laper turning bar at the rear beinjj an 
alternative not so common, A j-ocid many cf the Inches m our 
shops have sct-ovcr pop|xis, but the majority hnvc not, and lon^ 
lapers therefore cannot be done accurately on all of the luhes in 
an English ^hop, but have to be relegated to those that have this 
adjusinient of the [Mippel, 
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apFT^i^ ti^h angk* <ire mnsily iiimeLl in Englhh bihts by 

1c rc5i, U'hon iont: ptrrc3 havt lo he lapcred, 

.• I biln' Of Jwo \\\ the slioji with a sei-ovcr 

tuppTt a^Ailablf. tfiitu^h ih^i fiuitig hd^, aniil ccci^nily, bn^n 

[led ii[j itfdprjfiinU Iv-hind the laihe to sen-e ^5 a Fiirmt-r lo 

the icrp ,sjijt^ oi [Kr rest agiiiiisl, foi finishing. 'I*hc 

roug^mg in»ght ihtn Ik? cloni' l)y the mftliod of 

buuldrring in Me|n. :inil ihi? nunipLiUiinn of cbt i^lirtes of the? 

"est- A OtfEnhcr of iaihc^ .iiv fiifcd wiih :i taper attachment 
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^^tiA th« l*ctl (Fig. Sq), the oriole of which can Ijc ailJiisU^d 
'iihinttiodcfate Uontt- Thwc sre excellent devices for mediuni 
h\i\ tkui for tcry .^hort ones >ind Lhc Tittini: of llic^c 
liitlio ih»fri noi Tt'niJer the sl-i-oi-lt ]ioppet ariy ih*? less 
»if fnr rrfy bnj; pk-rt's. 

kt: vlijcciion lu the setting mcr of the tailstock is the Lmuquii 
•^ of (he centres whioh i.^kesi pl-ici- at both ends. This U the 
niiLii'.'d nunihfi of Uihi'^i -itc tjtadi; ^villi Lhe head 
'I iiiounU'd itw u swivel iitd, pivoted on chu Jfltho bed 

'F^^tJnd bolu<i1 tn ii :ii the nnglt^ rtfinitvd. Th» drsign 
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ihcrcforc resembles that of ihe bed and table of many cylindrical 
grinders, which are set thus for grinding lapers. Another objec- 
lion in some dc*;igti5 is ihe risk of noi getting the heads (jack in 
alignmetit easily, but chi:^ can be ensured by a locking pin. 

OL 
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In lathes that are not ijroviJt^il with a sut-over pojipei, a sel- 
over centre can be used, shown in Kigs. 90 and 91, and (apcr 

turning of small angles 
done by this did. Oni? 
type iii shown (Fig. 90) 
\vhich goes on the spindle 
nose i>f the mo\abJe pop- 
pet, the other (Fig. 91) 
'C\\^ the [apcred hole pro- 
vidcd for the centre In 
Fig, 9c the fiLfde is ad- 
justed by hand, and 
pinched svhen set, in the 
oibor il is controlled more 
rinely by means ofa screw^ 
The graduations (Fig, 90) 
permit of exact selling. 

Taper luming -lalhea 
are a rather special class 
which differ from 'iiandard 
-iclf-aciini? ones in a 
apeciul provision for turn- 
ing long lapers. iTiese 
are not to be confused with common lathes which have laper 
turning attachmentfi at the baclc, or have sei-over poppets, 
svvivellin;; slide rests. 

For taper turning by gear, Messrs Greenwood & Bailey Ltd 
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maku a special surii;* of lathes, Lhc machines Ijeing ordinary 
acting sliding, surfacing and scrcw-cultin^ lathes, with the g(^r 
added, it simply cumpHses a -st;t of change wh^-els for flearin 
U]i ihc Uil trid [)f thu Itadiny screw with tht^ LaJl CJid of t 
liackshaftj b)' which the movement of the screw if; transmitted 
ihc ratio rtquircd ii> ihe back shaft, and th9ni:e tu ihe cross slide 
screw of the saddle. 

Figi. 9a to 9+ show ihe gear arranged sxi the right-hand e 
uf ihe lathe bed ; Fi^, 92 in [ilan, Fig. 93 in elevation, and Fig. 54 
in end view. 

On the right-hard end of the lead sere* \ a gear wheel b 
l^eimanently Iiolted. This drives another |jLTmanentlj fi^ed 
wheel c, of w|iiai diameter Clmngesi are L-ffected ijetween 
wheels II, R, P, G, which form a eomjxjund train gearing do 
to a slow speed on the backshafi m. The swing plate .1 permi 
ol lIk- making of ehanges on thi- stitd k, a^ in (jrdinary si^ttw 
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euliing gcar^;, Thest laihes are madi^ in 6, 7, 6, 9, to, and la-h 
cenrrejh, and the ta|>ers which ean he turned range from o.a 
0,4 in. per fcx)t, 

An example of long tapers h given in Ihe steel crane p< 
(Fig. 95)- In this casi.'. ihe lapL-red pans dri not make a fii wil 
any portion of th^ crane, and they would therefore usually be 
turned only when Ihe forgings wfre made roughly, for good 
appearance sake- The illUtij" parls are A, n, c. D. ami e only- 
It often happens in hig forgmgs like this that these belts and the 
Lipered ptjrtions run oui ct.TentrK-jlly by as mnnh as ^ or i in., 
^nd then a rough cut must Ijc taken over a portion or the vtholc of 
the tapers, 1 he live spindles of Jirgir bthes, the Lapered spindks 
or -some connecting rods, afford other L'xami>les vi lon^ lapei 
turned by seltjng ovlt the poppet to half the amount of the toll 
taper required. 

On die%e long tapers the fact that the aMs of ihe work d( 
not coincide with the axis of ihc poppet centre is net objectioi 
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able, ai it would he if short laptrs wcr^: being dgriL- in ihis way. 

But il may b* laid doivn Js a saft I'anan that when uipcra are 

shc/it enough to be done l*y llit slide rcjii, thiii meiluHJ sliouki be 

prcferred to <bc use of the poppet. And the gn^atcr nuikilicr of 

Uper* Tcquiied are*ihort, or else of medium angle. Fig. 96, a valve 

plvi^. IS ati example of 

a short taper done by 

tbtf slide rest. It v^ 

never ijuitc safe to trust 

to the divisions of Lhc 

rirulc on x slide re^i 111 

meusurinK angles, if ibc 

results are required very 

iiccuratt Tn:d cuts sboiild bu made on 3 nHghtly larijer diameter 

ilwn thai icquirtd. 

The scl[ing of the rest for turning tapers is not usiia.|ly 
neeesaaij when the tJt*ered pcntion is short enoLi^;!! lu permii »t 
lo be cwered v^ilh a tnife tool, or a broad finishirfi tool, as ui fif. 

97, The "angit in ^uch a cast' 
can l>e obuined by means i^f a 
templet, dlher tried on the work 
or enifiloyeri Iti *ier Iht tool by. 
If a bevel of no yrt-at lenifth. but 
longer than Ihe tool, v^ nol a 
working pun, ihi^ uNo will t)c iVi.'- 
quenily tumtd wiihoui resetting 
tht' rest TO \Xmi jngle, by manipu- 
lating the tsvo rflides of ihe resi, 
usitig a ruu^hin^ tool and linisb 
ing witli a file, So, also, if 
chamfers are being turned pre]jd' 
ratory to pri}ducing convex forms, 
iheru t*i no need [o shift the rest round lo u.ii angle, but ihe 
chawferE can be Uiken off by working the two abdes and judging 
by the eye of ihc approximation required. 

The methods of mcisurtmenl w^hich arc commonly adopled 
tn the general lihop include those by the common calipers, rule, 
and ring :irid plug gauges* besides other specijd forms hor^e shoe, 
ftc Ttic various gauges ari; used for even dimeiisiuns. as eighths. 
sutcenihs: and for prtss, and loose I1I&. If odd dimensions arc 
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wanted, the c^ipers are employed^ Their value lies in the 
facility which they afford for checking dimensions that are getting 
down close to size. A gauge must either go on, or not. It 
cannot be accommodated to slight variations in dimensions, as 
calipers can. And therefore these are in constant use in all 
jobbing, and general work, and the man who knows how to 
handle them delicately can turn thus within very tine limits. 




Fig- 98. 

The micrometer calipers are employed less in the general work 
of the turnery, than inJhe tool room, and in special departments. 
The subject of measurement in general will be found treated 
in Chapter XVL 

Turned work is often finished with emery, in the form of 
paper, or cloth, or as powder in hinged clamps- One of the 
latter is shown in Fig. 98- Care must be taken to traverse 
the clamps during the act of polishing. 
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Etd Sicadj«— Travelling dUto— The Sl«vc Kftrni— Kived Wocl Bearings 
— ^Sic^tlif! wich AfljiLslmcnEi fi»r Ct--nlfc^ ami ]>miiiLlfrs— Hinged 'Vy\y; 
— TlireC' ja *"cd SiKiilio — T"rujit»ul ilillu^Slcadj fur Rtfuiih Buia — 
Turning Necks — Lubriouiun, 

ASTIKF f»ece of work will stand any amocint of cutdn}^ 
withouL any ^upj>ort e:(i:e|)t LhaL anbrdLcl by (hu lutliE! 
ct:ficros, but slender pieced net^ support at an inter- 
inudidle stage or sUges, Hence the employment of i5le:idie5, or 
biays, mIiecIi are ofscvera? fotms, iixed, and Iruvulling, 

Thtf finM, and iht iravullin^ sleadies have their distinct uses. 
Pieces in which the length gfeiifly eifceedii ihe diainetE^rT of which 
shalu arc lypiccl, must have travelling steadies. Such a sEcady 
bolted to the carriage of the rest hi^ the advantage of ^lupportinj" 
any work, shuuldtrrcd or noU close lo ihc tool, liut its pri:i[K.T 
place is in piece* thai run parallel from end to cod. Shorter, 
stifler pieces need only bo supported \n a fixed steady. The 
Uticr an: also of service whtn shuulders or collars of no great 
length themselves, but on \on^ pieces, have to be turned, the 
sttady being brought as nearly up lo them as [he laihe cirriaj»c 
will pcnoil of> They are employed, loo, when boring has to be 
done from Cbe loote poppet. 

If steadies encircle mrned [torlions, as they generally do, a 
neck Kas tg be turned first lo receive them, and this turning is 
liable to spring slender pieces, unless a very li^ht eut only ts 
taken. But rough black ^hafLs may be supported in steadies wheji 
journal or beani^g neclcs only h&vc lo be turned. In that case a 
slem'e foron of steady has to be employed (see Fig. io5, p, loo). 

The various steadies here illustrated inciudu the principal 
forms used. The wond-turner often employs a vee'd steady, 
irivelling behind the work; hut this is not reliable enough for 
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metal wtirk, unless in thu caso of very liylu pitcc-s of no' 
length. A ^vood-turncr will often ^Itiady worlc of small dianieLci 
by |>UcL]i^ the forcliii^er ci the left hand under (lie rest, and 
ht^hind the revolving pieci? opposite lo ihi? tool, dimply because 
there i& no time lo spare in fitting up a steady. Another crude 
way is to uedgt; a bar of wood hi.'iB--oen the ways of fht- bed at 
^U{'h Jin angle thai it ^nll [akt^ a slighi Ijeaiing against tho u'ork, 
Thi: pal turn maker use^ steadies m luming pipea and columns 
built on the general model of l*»j^. 99, using blocks of soft pint 
fitting in thi^ same vu:*d edges 11, H^ but bored to the diflertril 
sijccs required. These are lubricated with plenty of sofi soap J11 

«ueh ii design, tvhen used in the ircvi 
turnery, blocks of hard wood are fitted 
by the earpenlL'rsT to receii-e a neclc 
uirnecl on the work preliminary lo ihi' 
i^cncral roughing down. Steadies ki\ 
this type Rll an imporiani place in 
sume shops, but chiefly in the heavier 
ela^s cjf Lumin^, ranging Irom^ say, 3 ii^- 
to ft (11- or 'S in. in diameter. Here 
they are indispensable- They arc alw 
especially useful to support the free end 
of a heavy piece of qrork that has to 
he drilled or bored in froiu the louse 
poppel, or fifr whtrh the conu plate 
would bL- iiL'ilher hrge jnd stifV enough, 
HUT iifford sufficient iL-ngth of bcarinj^ 
surface. The form of the standard is unimjx>riani, varj'ing with 
ihe sin: of latbt, beinj^ plated and ribbed in ihe targer sfjkr!«> 
It fits between the ways of ihu bed, and i^ bolted di*wn thcreii*, 

The objectiors lo sLtadies of this type for the ordinary nm of 
work are ihaL they have no mean* of adjuJ^tmcnt of centres, the 
hule^s hnvin^ to be i:ut right at once, and that separate blocks havv 
TO be made for each di:imeter, however sligbily ihih may vary. In 
an ideal steady, provisiun shaold exist for adjustment:) both ivt 
centres, and for diameter, The RrRt is obtained by making the 
steady pica: ino\a!ile, both verlii:ally and bori^ozitally (Ki^- 100). 
A boriiontal movciTient alone \^ belter thiin noni,- ut all, and sv 
many steadie^i have this witlioul the venlcal. Another systetn is 
that of thiec toni^ues inovini; ladially, which gives perfect adj 
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menis. When, in addition, ilie upper porlion of the steady U 
hinged, ihe most pcrfL-ct [ype is produced (Fjr, lOt). Il is best 
lo have the actual face* which 



Ate in coiitiun with ihe work 
radial These are as good as 
the contact of blocks aH round. 
Three points are better than 
Tour, and chcrefotc nearly all 
high-clara steadies have three ad- 
justable strips, tliougli Lhe&e are 
often viiry differently designed. 
A commcin form of steady 

for light work is rhat i^ which a | 

bearing is t^ken at the back, and 
Above the revolving |»ece(Fig. 
too). This ia very serviceable Tor H^hi 
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heavy cutting, because the principal 



pieces 
Ihruals Eaki: 



nol subject lo 
place in those 




F^ ICT. 



directioiw, but it does nol prevent jerks under sudden changes in 
ibc cutling stresses, nor under regular heavy cutting. This js a 
tfmveUing steady. The bearing faces have strips of steel, or gun- 
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niijtal u, B, screwed on. The carrier a slides along the face of* 
block which slides up and dovk'n rhe brackei. wiihin thf? limiis 

allowed by Lhc vertical slot holt. 
The three-jawed steady (Fig- 
ioi) is made now more fre- 
quently rh.an of old. The design 
^hown K one much ustd both 
◦n English and American lather 
I'he three screws a, a, a, permit 
(jf making very fine adjustmenh 
oF the jaws, and the bolls n, d, d, 
clamp ihum firmly. The hinging 
of the top saves much time by comparison with 
those types which embrace the work without 
being hinged, nnd the *itrap c permits of instant 
release or clampijii^ of the cap. 

A neat form of travelling steady of ihe 
ihree-jaw type h f^hown in Fig- los. I'his is 
hollowed out at a to bridge over the cross 
slide of the carriage to which it ts bolted. The three jaws aie 
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Fig. 103. 

e^ch adjustable independeii tJy by the dot holes Gliding over their 
bolts. The latter u, b, b, have rtiund heads, hs shown. ^\g. 103 
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is a design which Is common on CoTilinenlul lathes. Here Ihe 

horuorlal adjusiment is in ihc jaw a, and the vertical in b, u. 

A sec screw Co each jaw permits 

of ocactsr^Uin^^.and a clamping 

boll lo each pinches the jaws. 

Thest are commotTlj' useci on 

lathes of large and small si?e- 

figs, 104 and \o^ re|>re^unE 
forms of sieadie* with douWc 
jaws. The firsi ha-s horizontal 
ftdjuslmcnt only, and wood 
blocks fitting by vees. The 
second is a bciicr one, with 
vertical movemenl to the die 
blocks, of which two alter- 
native forms aiC shown. 




I'i£- 104- 



Fig, 106 is a form of steady employed when rougli bare have 
10 be sujjpone^ during the turning uf journals. The bar a \& 




centred in the sleeve a by the set screws until the turned outside 
of Ji Rtns true. The turned parC may then run \i\ a steady like 
pig- 101 or other suiuble type, or in Fig. 99^ The hg-up in Fig. 
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io6 is also suitable- An angle plate c, bollt?d lo ihe lailic bed, 
cairies a boped bar d, within whichi the sleeve b revolves, 
Although tt only touches u nl two points, iC is sleody in working 
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because the pressure of cutting ciLuses alnays the bar to be thi 
upwards. 

Fig. 107 is only a steady by counesy. Its function is to 
sustain the weight of long ahaRs away 
Jroni the rL-st, and so prevent sagging- 
Ic is bolted 10 the lathe bed, and thc^ 
vec is adjustable for height by the 
handled nut a, 

A sjiecial steady for cranks is shi 
at page loS {Fig. mq). 

Turning down necks for steadies 
easy enough after a sUirt ia made al one 
(jiid, as when a travelling steady bos to 
be u^d. But to turn down somewbare 
near the centre of a long flimsy piece 
to take a fi^ced steady re<]Liires mannge- 
uiert. If in turning, the portion done 
is left elliptical, it cannot be got true afterwards. The stCftdy 
will coerce it as long ^% it remains embraced, but spring will 
follow on its rcmuvaL The way to stari in such a case n 
either to take an eKtremely light cut, which will not exercise 
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much pressure on the bar, or to endrcle the work with a re- 
volving collar (Fig, 106) which permits of accommodation for 
eccentricity of the shaft 

All work running in steadies should be kept well lubricated, 
Another point is that in the case of steadies travelling on the 
carriage the drip^an or oiUpipe is brought close to the steady and 
tool point, and so discharges upon both, ensuring good cutting 
and a smooth action in the steady, ^-^L 



CHAPTER VTI, 
Examples of Turning involving Ljning-out kor Ceiitres. 



The Cofe of Fkl, Forhed, and Bo£&ed End&— CcnUing oc Vee Blocks — Bf 
Scribing lllEjck^Ecccni.nc Epindleaand Cranks— AFteroalivc MErlhods of 
Chucking — Valve Rwl — Cunncciin^ Rod — Fqrkcd Rnd — Cran? Hooh- 
CocL PJu^— Mmihint Anti— Tliioiile Valvp — DipCnuik — Ccfutrlng PliUes 
— StruEling — Sleftd)'— Thrte-Tlirow Cranlc — Korging ffir— Kiial Oiucl- 
ing of—Removhng M*tal betwwii Wela— ke-chucking on Crp-nk Plot*i 
— MBth*>d of McikLni; Plntcu — and Setting— Driving — Counlciwtighl— 
Roughing down — Support sLgain^t Cnd Treasure — FinL-diing -^ Criuikt 
liavina ?iiis F(jiE«l. 

WHEN Xhn cenircs of pieces having flat» Torked, or other 
CYtended forms of ends canncjl be obtained directly in 
d cfntring latKc^ or by compa^^ i:a.1ipt:r5, oi by bell 
centre, the work is supported by its circular shank on vee blocks, 
and ihe cenries obtaineri by means of a surface gauge. If the 
centres were got by tlie broad ends alone^ lUu probability h that 
Lhu chunked portions would not hold up to dimensjons, and 
therefore the shruik nhvays rtreivt's the first alleniion. If, aflcr 
the centres for this are obtained, the ends arc found on testing, 
not to hold up evtrywhercj then the centres are corrected, to 
average the allowances for lumirig between the shank, and the 
ends, more being taken off on one side than the other. 
^^_ Linirg-oiLt on vet blocks vrould be done on the curnecting 

^^P rods shown in (his chapter, if they were forged on the lUiviI, and 

^^ there is the more need of it as dimcnsiona inciease. In small 

I rods, partly or wholly drop-forged, or if hand-forged, and having, 

I *iiy, between J-Ln. and ^-in. allowances for machining, Iming-out 

I would not be necessary. But it would often be desirable then to 

I run centre lines alorg the shank lo get the centres on the ends. 

I The methods of chucking shown in these figures illustrate 

I aEternatives, In Fig, loS the valve rod i& chucked l>y iwo pbL«s 

I X, A, clamped across the bossed end to setvc BlH carriers, and the 
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diiTcrpin n 6t5 between them^ There is no pressure tending to 
sprJQg the e^e out of circular, or into ivinding flatwise. A single 
bok suffices to clamp the plates- At this chucking, the stem and 
tbe end to be subsequently screwed are turned- There may be a 
second chucking, or not, depending on the method adopted for 
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Fig. loB. 

BBchining the ring or eye. Sometimes the outside of the ring is 
LiKDed in the lathe, sometimes ground only, on a grinding 
Dudunc with rest, the latter being generally done in commercial 
tnginei- Milling is also done instead of grinding. The hole is 
f'eqacndy bored on the face plate- Another method is to mill 
TWod the hole on a vertical spindle machine, with circular table, 



[ 



.-a:^u 



•Mn^Mi iiiiMf 



Kl 



Fig. 109. 

LEI which case the outside also may bo done at the same setting, 
^ a neat and accurate job secured, l^he Aat faces have to be 
^^^QM, and these can be milled, or planed, or faced in the lathe. 
Th[i operation b done after the turning of the stem, the flat faces 
^nj finished flush with the diameter of the stem. 




Fig. 109 illusiraies an alternative method, requiring the use of 
ar angle plate. The rod is rentred, the angli: pkle btuughl up 
against it, fi wa<4hcr plate a bridged acioss the loop, and cl^niped 
with a single bolL 

Fig. I JO is a connecting lod centred, with tbc angle ] 
brought up tight against it, nnd there held with the bolts 




Fig. no. 

TaiilGr the an^Ic pUle to d:e face plate- No uther fastening is 
required, the plate becoming an efficient dnver. The only reason 
why a boh is used \i\ Fig. loy ii.> cUmp the loop id the angle 
plaie, is that the lcx>p, being flimsy and liable to spring, is better 
secured with the boll. 

The eXiunpk- in Fig. \ 10 is turned all over in the lathe, with 
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the exeepliiin of thij flats at a and n on opposite aides, whic 
shaped or milled. Two chuckings are necessary, th*- one- ir 
no, where the shAnk and the globular end are turned, and thai 
in Fiy, [II, where the iaces and curved edges of the flat end urc 
turned. Either chucktng can be 1,-iken first. The chucking in 
Fig. 11 1 is like that in Fign loS, but as ihc driver pin will rn 
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up the space , between the plates, a bit of packing should be 
inserted, so that no backlash will occur between the intervals of 
turning the cyUndrical parts. In this example the flats at A and B 
ai^ shaped, or milled, subsequently to the turning, being done on 
shaper centres, and a seating for the brasses for the htlie end of 
the rod has Co be bored, and stotCed finatly. 
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Fig^ I [2, 

Fig. 113 is an example of a forked rod. The forked end 
might be bridged with the piece a, and centred on that and 
driven with a pin, as in the previous figure. But the bridge 
piece might work loose, and the forks become atwist under the 
pressure of the centre and the driver ])in. It is therefore better 
to bolt the fork down to an angle plate in the manner shown, 




and this is more necessary as forks increase in dimensions or in 
lightness of section. A solid forged fork^ which has to be slotted 
from the solid, can be centred simply, and driven by a pin. In 
this case, where there is a good deal of tooling, the turning of the 
shank should properly be done first, and then, leaving the centres 
in, the marking-off can be done for shapings milling, or boring. 
Crane hooks, Fig. 113, have to be turned where they tit in 
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thoU snatch-block ctossheads, and on the collar, A rough lining- 
out is done to li>cat4? tht ctrntros, parl'iculartj' iht one in tlie hook 
partn Someliraea this plan is not followed, but thu turner run^ 
the hook round between centres in faint centre pops, for two oi 
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three imis, uniil ihe shank Tun^ irut. when the correci 
deepened for turning on- A single driving pin suffices. 

Loi^c quanlilies of work^ particularly on brass finishers* fitli 
have ID be chucked i^^Ice. An example ia given in Fiy. 114, 
where the plug portion a and the handle 11 are turned on axes 
at right angles with eiioh other, Ii U usiiat to rasl nibs, or lits 
on ut c 10 receive the laihe cenire3» and iheae are cut off after the 

turning is completed. The reason is 
lit ^void unsightly centre hGples bein^ 
Icfl in ihc Hnished work, and partly 
to gel tlat faces instead of sloping 
ones to receive the centres. Another 
typical example of thi^ kind i& thfl 
overhanging arm for a milling machine 
(Fign 115), that is centred on a iiibt and 
which IS generally left t'l st(u to permit 
of re-tiuing up subsequently if nece.ssary. The same centres serve 
for lathe and grmdcr. 

Frg, ir5 illustrates a case in which long stems are cast 
simply for chucking by. h is a. common throttle valve turned on 
the edge at a delinitc angle, being that at which it lies when 
closing its p3S5;ig<;, The stems are cast on long enough to permit 
of traversing the loo! oht the extreme positions of the cut. 

A good example of work involving several important ma 
is ihe dip, or the webbed crank, of one, or more throws, 
portion of a crank should be liniah-tumed until the centres 
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every portion are locatetJ, and the amounts of meiaJ available for 
reduction aaccrtaincd. Nearly always chucking blotkh Lire used 
for cranks. It U necessary, unless tin; forgings have been made 
in dies, to itsi the capacity (if ihe diflerenr parts for holding up, 
either on the marking-off tabic, or in ibe lathe, and if found 
insufficieni in places, la stind the work back to be re set, or to 
average the turning allowsnce-S to Lake out all the black. 

A cxank IS an object that can only be chucked dirccdy on 




certrcs foi turning [he asbs, or straight portions by. It is also u 
flimsy anicla, the end preiisure of the centres tending to bend k 
jUiihedip or dips- Fig- 117 fihows a dtrvice thaL is sometimes 
^bpted in small cranks, cither hand, or dmp forged- Ends a, a, 
^Vforgcd on Iho a^le portion, ^rrply lo sltvc for chucking by- 
IAa thest have to ije cut olT afierwarda, the economy over loose 
■chucking pUtes is not apparent, [''i^;. 118 illustrates the plan 
re tommonly adopted. The crank ts first chucktd by tenirin^ 




jon the axle, and the lalier i,s turned firsl. The pbtes \ a, of 
rasi iron, bored to suit, arc then clamped on [he ends by means 
ipf the bolt, tightening the split boss- A plate for a iwothrow 
'Jtrank is shoiv^n in face view in I'ig, \ nj. The same can be used 
A|u ainglt^-throv cmnk, or a plate widi oni.' centre can b^ made. 
^^Bhen a crank is ccrtred in readiness for luming, it often has 
P^K strutted to prevent it btrin^^ lient inwards by ihe pressure of 
the centres. A common device is illustiated in Y\^. j i3, where 
Strips of wood afford support during the turning of the crank pin- 




te& 



ENGfl^ERS' TVRmNG. 



During ihe turning of the axle a strip is inserted m the dip, a^ 
indicated by the dotted outlines at B in Fig. 117. 
■ There is a gtxjd dt^al of spring developed, due to the deep 
bend, Tvhile ihc job does not afford much fiicility for the use of 

steadies. A common steady can lit 
used when turning the axle portion, 
bul not when turning the pin- Bui 
as it is necessary to steady the axle 
of a flimsy crank while turning the 
pin, and as the axle descrilx.'S a 
eircle, a revolving disc steady rcAl 
is required^ made after the style of 
Fig. r?o. The disc rotates, and 
is checked in a body, which ts 
either capped, or hinged, as shown. 
The aiile runs in a bush, which is 
adjustable in a slot in the diac* and 
held fast by two bolls passing ihrough slots. Cranks of dilTerent 
throws can be turned in the same steady, which is the object of 
the slot ir the disc- Separate holt holes are then made for the 
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bush, <^r long slots preferably, ns shown. The steady can be 
jjacked up on the lathe bL-d to suit centres of different heights, 
though it is generally made for one lathe only, which is kept for 
crank work chiefly. When a steady of this kind is iised, the eiank 
can stiJl be strutted by giving the wood props a bearing against 




LINING^OUT FOR CENTRES, 



1C9 



the disc fac«. In stiffly built, short cranks, the struts can be 
dispensed with, but not tn light dewgns. 

The turning must hi^ dont? with hght cuts, and fine traverse 
Tecds, using a rather pointed roughing tool. A spring tocl is 
often employed in finishing work of this character, Ihough 
ficqucnl^y lis use products journals fthich are not Lruly cirtiilar, 
Ihough they look vuiy nice and polished. No keen corners are 
permissible on any cranki, but every corner must be? finiiihed with 
a round -nose tooL 

A three-throw crank {Kig, lat) is rather a tricky article to turn, 
partly because of the difficulry of getting every portion to hold up 
to size, and partly because of spring, the amount of which \% 
considerable, both in ihe dip criinks, and in the webbed cranks. 
The latter (Fig. iii) arc ofteil forged with JioHd webs, or the 
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cr&nked portion is not recessed out, but is u plain rectangular 
tump. Fig. I3J shows Ihi:' forging, at an enrly stage, out of which 
the crank has to be shaped. It has the circular [jorlions swaged 
down trom a ilab of the '^\7ti of the solid wehs^ and the webs are 
turned round to their respective angles white hoL In somi^ castas, 
however, webs may be welded on the shaft portion. 

Thi^ foiling '^ fi'st chucked between iatlic centres, with the 
?hafl portion ctntfM with thu a^is of the lathe. The diameters 
of the end journals are turned, and the n^iddle portions, or necks 
(a, a. Fig, i3i) between the webs, and also the outside flat factJi 
of the wcbsi are rough-tnrntd all at one chucking- While in the 
Uihc, th*r longitudinal centres of the crank pins and webs can bt? 
maried from ihe lengths set off on a strip of wood, -ind also the 
widths of the spaces between the webs, equ^l to the lengths of 
ihc pins, and the widths over the webs, all can be marked-off and 
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scribed at rij^ht aTigk's wirh ih** ayis c*f the shafi, and ^v?ni 
popped- 

The metal between the webs has now to be roughly removed 
hefort^ niacUininy the crank-pins- There rs a special machine 
V3cd in loca shops for nibbling cut the metal i but the getieral 
way of cutring it out is by drilling, sloiring, or sawing. The crank 
i$ rigged up with one web at a cime suitably blocki^d up, and 
iidjusled underneath a drilling machine, and holes are drilled in 
the two comere {n, a, Fig. 122). The holes are of large siie, say^ 
from J in. to ij in. diatn^tcri according to ihc size of the crank, 
^nd the s^twing or slotting which is done eubsequently comes rij 
into these holes. 

Any suitable rig-up will answer for the drillings dcpendii 
much on the type of machine under which it is done, 
machine may havtr a slutLed bed level wiEh the floor, or a slotti 





Fig. iizh 

table a ft. or 3 ft. high. The slots will be utihsed by bringin 
long Tee-headed bolls iherefram and fastening the crank down 
therctOj through ihi; mediiim of ihe boils and crossbars covering one 
ofthc websof ihecrank^-theweb which is being driUedat the time. 
The turned ends of the crank shafi will rest in ycc blocks nesting 
on the lablc, or be blocked up on castings standing upon the bed. 
I need noi illu^rate these arrangement ^i. 

After the two holes, o, a, arc drilled in each web, there 
two ways hi which the metal can be removed. One is by sawi 
ii,^, from the oulsfde inwards to the holes a, a. Fig. 122^ using o 
of ihe cold-iron saws which are found in all wcll-cquippcd boiler- 
shops OT smithies, and then to sloe transversely from hole to hol*^ 
Another Is to slot wholly, not sawing at all In either case 
cost is slight —say, about is. per dip, or crank, only. W 
sawing down, from J in. to ^^ in, is quite enough to allow 
the inner faces of the Heba for subsequent turning. 

After the saw-cuts have been run down by the sides of 
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webs into the drilled doles, iHl- tmnk Is lakcn lo ibc slotninp 
machine, and the bridge of mt'iul at the end b<?i\veui the drilled 
holr« fl, tf> is divided, Thf crank \% now ready to go to the lathe 
to be turned on the pins, and inner faces of the weba, and on the 
edges. 

Til chuck the crank {\-\^, ui) two sptn-ial [iUu\s hiivt? to he 
rasL One of these \% shown in big. 123. It \% dcaigned and 
uiwd in the following mariner '. — 

The three crank-pintv, bdng arranged equidistantly from each 
other — on a circle tjo' apart — the site of the chucking plate is 
determtned by (his. 'Fhe thrL-e centres shown correspond with 
the centres of the ' '' '^'^"h ^ 

metal must be left froi 
10 the edge? of Ihe plates, say, ficnn 
^ in. to si in. The ciirle on which 
the centn^ are pitched i* *<tnick 
from the centre uf ttie plate, corre- 
sponding with the centre of the end 
joum&ls of the crank. The casting 
\% bored out here to a diameter 
equal to that of the journals. There 
are three other centres, pitched 
Riidvay between the centre of the 
journal! and the centres of the pins, 
to chuck the crank for turning the curved edges of the webs. 

The pbtes should be stout, say from 2 in. to 2j in. thickn 
Steadiness on the journal is secured without unduly fncreaj^ing the 
thkk-ness of the plates, b> cj^tmg .1 boss on the main centre, 
l^e bored holes in the bosses are made lo enibrfice the journals 
tightly by gripping the bosses around the journals by a split lug, 
the splitting being carried through the boss to the bore. The lug 
and boss are divided in the mould by putting a print on the 
patiernf and casting in a thin plate, say, ^^^ in. thick, well Irjamed 
or blackwashed over. 

The plates are adjusied upon the cr^nk before final tightening 
up of the set screws in the lugs, by means of square, and scribing 
block, the crank bt^ing blocked tip on vees on the marking-oIT 
lable, or ttseupona Lathe hed, or on the table of a planing machine, 
until the alignment of the centres of the crank-pin^ and of the 
corresponding centres on the chucking plati^s is secured. 
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Fig. laj. 





The cranV is driven from a faCL' plale (Fig. u i ) by mean^ oFa 
^maU angle-plate against the edge of the chucking plalc adjacent 
To counlerbalance the mass of the two plates to one side of ibe 
cenUt, a weight is boltefl to lh*r face plate. An ahernative way 
is to osc n counterweight like Fig. T24, clamped on the axle- 
The two liolt holes at*/, (/^si'tve for the attachment of eitra thict- 
tjcsscs, A. to servL- for heavier craziks. 

If now one of the recks A is tumed lightly with the axle on 
centres, the orilinary steady rest can be intTodnced, nnd the 
remainder bu finished with hciivier cut?>- But no portion should 
be finished down to siae unlil thu whoJe of the axle and the web 
faces ^djacL-m have been roughed down to within, say ^V '"■ ^ 
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finished size. The reason is that cranks are liable lo spring on 
the removal of the material about the webs, due to the relief of 
tensions in ihe fibres. 

Probably the forging will rot alter in form ^\^ in,, but that is 
too much to risk. The rechuclting for each web takes scarcely 
any time, LTinsisting merely of the alining of ihe crank in the 
crane, or pulley blockSj over the lathe, and shifting the work round 
on the lathe centres- 
There is a good deal of roughing down to be done before ihc 
crank-pins arc got to nearly their finished size, because there is 
not only a great excess of metal always left in these forgings, due 
to the difficulty of forging the three throws accurately ; bat ihc 
angles are all left square al the time when the lumps between 
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*cbs are drilled iind alotlcd oul. Thcst have lo be reduced 

wholly hy tummg, %o that there is more wind cut ihan meial at th<? 

cu~ly slagcs. Then ihr faces of 

ihe webs have Iq be turned, and 

here again there is very much of 

cotting wind. In a crank of this 

kind there ra&y be removed alto- 
gether 50 ptf cent, of metal in- 

dudine tht? Tumps sawn out from 

the webs, before the rough " use " 

becamt^s the finished ailich^. 

At the time of turning the anlc 

Tht outer faces of Lhe webs are 

also done. NolhiuK can bt liikcn 

off the inner faces yet, but the outer edges <\^ a, a (compare with 

Fig. laj) arc turned at the same lime as the axle. 

To prevent any risk of 
the end pressure of the lathe 
centres forcinji the webs in 
wards, bolts are pliced be- 
tween the «'et»s, lhe nuts 
hiring lightened outwards 
shghily to counteract the end 
pressure ( Fig, 125)^ Another 
vray which has the advantage 
of affording resistance over 
a larger prea to the end 
pressure is shown in Fig, 
1^6- Here two plates are 
shouldered tc lii vrithin the 
crank- webs, and arc secured 
in that position by means of 
a bolt passing from side to 
:^ide between the two. 

After lhe whole of the 
crank has been roughed 
down lo within, say, i in. of 

the Irnished dimensions, the several pcjrtions which are turned can 

be finished in detail, These include the cranlc pins in Fig. t£i, 

lhe mner fjicca, nnd the ends Ir of the web?, 

a 
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After the turning of the crank is compieied, the lodges nf the 
webs liave to be planed. The crank j& laid on vee blocks upun 
the matking-off tabic?, and each web is set level in turn, and* 
scribed The lcv<?!ling is done with a scrEber, Tht point of ibc 
5criber is brought either lo the top, or bottom cdgfs of the alreadj 
turned portions, allowance being made for the difference in radius 
of the crank'shaft and crank-pins, while the central plane of ihc 
crank is level with the tabic. Then the width of the web is 
measured and scribed along parallel with the tabltr, and centre 
popped ready for planing or shaping, either method being adopted, 
according to which happens to be more convenient m the shop. 

When a crank has its pins forged, if there is any doubt rcspecl- 
ing the three pin^ and the axle all holding up to siz^ the crank 
can be set by its axle on vee blocks, and the pins checked. It is 
generally quicker, however, in put on the chucking plaies {V\^. 1 2^ 
and centring each pin separately in the lathe, run ic round, oiul 
lest with a narrow cut set in with the roughing tool. Then it will 
often be possible, by shifting the plates round a little, to average 
any differences in the sue and centres of the three pins. But 
smiths are exix.-cted to leave ample iOlowances for pins and webs, 
even Ihough that throws a considerable Limount of work on the 
turner and machinist- Such work is, however, nothing compared 
with the risk of a possible waster through ^cani allowances. 




CHAI'TER VIII. 
Kandrel Work. 

Svlnl Mjuidii:l*'-Wo<Mlcn i!ilii»— Ccniring — JiliuulJciint— Ol>;ccliLiu*i [o Uie 
SuLiJ Koroia — EAphUuling MuDdicls — Funis of— and UiiliHo — Taming 
Etfvniric Shiavps on Slutb — Btdt Mundrcli. 

A LARGE volume of work has lo h*: held ui>on mandrels 
for ihtr pufpose of lurning^ scjmelimtK as n com'eniciit 
means of holding, but oficEi in order lo secure .iccuracy 
in rcUlH'n to a hok'. Whtels of nc-arly all kimla arc Ixjst 
finished in ihU manner, ^o thai ihey can afterwards be depended 
un lo rtin absolutely true on their spindles. Thi-' prHiuJiJa! (vnatt 
in which mandrels aru madt? are s.^ follows : - 

The plain solid mandrti prt-dominaTts in most shops. Turners 
a'x:uniubu a siock of ihijsc in tliL course of time, storing them on 
the end of ihe lathe bed, underneath in a box, <jr more properly^ 
on the shelf of a shrip stand adpteni. The dimensions of these 
for ftvcrafie work range usujilly between i in. and 6 in. diameter, 
sratller »nd larger dimensions being TAih^r special. Tbtir length 
is commonly from i ft- to z ft, or 3 ft. Tlicy arc made u! iron or 
steel bu ; frequently, hovever^ mandreb arc improvised of ^rood, 
especially when the diameters exceed 3 in. or 4 in. 

\\"ooden mandrels are very usi^ful, because Ihey can be turned 
up quickly : and even though wood warps, it remains irue long 
enough foi a Job, or & few jobs to he done on ii. I; is not 50 heavy 
to handle u luge iron or steel mandrels. A wooden mandrel can 
be driven in hard without rislc of splitting light cast work, and 
the frictional contact of the wood wilh ihe nieial is a point of 
value- Almost any wood that happens lo be lying about Is suit- 
Able, as red deal, beech, oalc, apple tree, and ^ycamtire. 

Wood mandrels can be readily turned down with ihe ordinary 
roood-noeed rojghing took used for wrought iron, TheHc arc 
handier to use in a slide-n^l laihe than the gouge nf the wood- 
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turner- No finish Is necessary after ihe wtjod runs true and the 
diameter Is coctccl 

Mandrels or iron and steel urc centred, and driven with 
carrier nnri driver similarly ro worlt henveen cerjlre-s, so tliat il 
does not mailer if they are reversed end for end in the lathe. In 
the course of time they get slighlly out of iTUih, due to driving 
work nn and off, Lo spring, and [o w^ar of the centres; but as 
they can be, and frcqucjidy arc, returned to suit different jobs, 
this does not mailer. 

A plain mandrel i.s ^hown iji 1%'- tz?. It is turned smaller 
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at each end, nnd providi:d wiili flai?j for the screw of the carrier in 
bear upon. The correct method of making the centre holes is as 
shown, s larger hole being drilled in a little way, from which (he 
true angular ctnlre tommcnccs. The laUcr is thus protected 
from the bruising effect of blows on ihe ends, which tends !o 
di?jtort ihe rtinre hole?*. In the best mandreK which are hardtncd 
and ground^ a very slight taper is given to the body, to enable thf 
worlc lo be started oti and Utted iiicely. To lessen the number of 
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separate' mandrels, stepped or shouldtJTud ones are used (I 
ijS), which \^ill take several diametersof bure. Slight diJTeicnces 
in siice, advancing from i in, t(j J in., are most economical of 
material, for it is not necessary [o have big steyts down at all- 
Froni three to four do^-n mandrels wdl therefore cover the usual 
requiremenln of a lathe- 

The objections to the solid mandrels lie in their lack of 
accommodation, since they will only take exact si^es. Holc^ must 
make a nice driving fit over ihem. Neither easy, nor li^ht fA 
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trill answer. In the ordinary work of the lathes, where bores 
have lo be Ji^cd by measure-and Lrial mcrEhrid^^ dii^ mutual ruling 
sotT\etirn» runs awa/wJlh i lot of lime, Prom this drawback has 
arisen Ibe demand for eJtpantiing, or adjustable mandrels, which 
an: ca-pablc of a lijiutcd amount of adju^tmc^nt in diamcftc^r 
lliere is another advantage m using expanding mandrcL^ in 
preference to solid ones, which is, that facing can be done easily 
on the former without cuttm<; into the iiiaiidrelj provided the fat;e 
i£ allowed lo hang over sufficiently. 
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Fig, 139> 

Expanding mandrels may he groupad under two heads : those 
of very small range, and those having a larger, though siill 
moderate, ca|>acity- 

Figs- iig and 130 show mandrels which belong to thi? fiist- 
named ck^s. They can be irscrtcd in holes without driving, ;ind 
then expanded to fit tightly by driving the centre piece into the 
split bush, the two fitting by a slij^ht taper. Accommodaiion for 
varying boles i^ (bus aitoined ; and though the expansion of one 
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bush is orily suHicient for making the difftrenee bt^twuen a per- 
fealy slack fit and a tlglil otie. stveral bushes of different diameters 
can be fitted to a single-tapered mandrel, ^ obtaining a largo 
lange of sj^es. Fig- 1 29 shows one of this type with three cuts 
in the bush to provide ihc necessary daslicUy, one only of which 
goes right through the metal. Fig. 130 differs in having a large 
number of etit^ and in opposite directions, each going right 
tbruugli the bush, but stopping shoEl of the ends, 10 keep the 
bufth in one wholt? piece. Considerable cbsticity is thus seciired. 
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The principles liete embodied are very oldf and they are also 
employed in aeverul nianuRiclurcd mandrills, 

In a modified form of this type, a lapcred screw is subititmed 
for the plain plug. The chief advantage is [hat iheie h nu dlflV 
culty in releasing the mandrel frcm the work, as there sometimes 
i& when a driven plug sticks fast in consequence of [he long laper, 
or small angle of Laper necessary. 

An incidental advantage of all mandrels of th& solid, and of 
the bush cla^ h lha[ tht-y fi[ around their en[ire circumference in 
a bored hole — a point of considerable imporiancL- in flimsy worlc, 
whether oast oi forged^ though of do particular value in ttiflly 
propoitLoned pieces. 1[ is a point akin to [ht: use of dog^ an 
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facework compared with that of the continuous contact of ;i 
turned chuck of wood, which fs the best for holding flimsy rings 
wi[hou[ risk of their distortion occurring- 

Tht second cJass of expanding niondrcla has provision ft 
moderate range in diame[ers, obtained hy sliding strips in [apered 
gioovci. Coniac[ vi[h the bore is [hercforc not continuous. 

Fig. 13J shows one of these which has given much salisfactior]. 
The shank a has right and lef['handed screws cut a[ opposite 
ends, leaving a central part plain to taki= the cone fi. The latter 
has three tapered grooves to receive three blades C, the outer 
edges of which are expanded to fit the bore of the work bv the 
turning of the nut n. The wings of d also form the 
which the mandrel is rotated. The function of ihe nut 
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push the blades c back down their lapcrcd grooves, and so release 
thtnr biu- in the bore of the work. 

In artoihfr d*?5ign, the e3([ianding strip* ate cocrcetl in ihe 
longktudinAl direction by being made !o fit nx llie etida mto the 
^etfve, Ibe latter fulfilling the function of a guide to retain the 
strips in chcix relative positions. The plug !ti thib ea^e is driven 
through Ihe sleeve orbush, as in the prcviou;; I'^gs. izg and 130, 
so forcing the blades outwards. 




Fig. 1 33 illustrates the Nicholson mandrel^ A beinji the plug 
\y\ aibor, n ihc sleeve, and c the blades, of which there are four. 
In this hgure the la[>er i^ imparted to the grooves, the body 
lieing |Mrjliel- In ;inoiher and ijl<ler desit^n tht plug is tapered 
\ in, to the foot, and iHl' Uadi:s fit upon the body of the plug 
instead of in groove^ as in Fig, J32. 'I'he later hns now super- 
seded the other kind, grooves being found more salisfaciorj. 

The parts of these mandrels arehltcd by grinding after harden- 
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ing. The comers of the grooves \\ the bottom are saw-kerfcd 
itlong in order ic [>ermfi the hhdes 10 lake a solid bearing on the 
txittum. even though any grit or dirt should get into the grooves. 
In Fig, 133 the construclion is .similar to the last, except that the 
endlong movement is effected by screws inilead of by driving a 
plug. One screw tightens, the other slackens, os in Hg. iji. In 
Hg, t33 A is one of the blades, b the sleeve^ c the screw used for 
t^btening or enlarging, and D thiLt for slackening. 
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Fig, 134 shows an expardiiig mandrel, in which three inclined 
slots in the body cany stepped jaws. The latter are drawn up the 
Blots by the head, a, which lutns on a squ art -threaded screw cut 
upon the niandre], and having ar annular recess which catches 
over the shouldered ends of the jaws, though passing over them 
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in in circular motion. The same type of mandrel is consirucled 
without the screw, Immmer driving being employed instead— 
having llic same effect— of driving the jaws ouivrards against the 
work. 

Solid mandrels are frequently driven in and out of their 
holes by the hammer, preferably using a copper one, or inler- 





posing a block of wood or lead between Ihe end and the hammt 
if the laiier is of steel A nnp support sustains the work, t\ 
mandrel passing through the hole. A betrer plan is to emph 
a mandrel press (Tig, 135), which effects the same t«uU by 
leverage, and with les^n damage. 
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MandMs, bolh solid and expanding, fill a large place in 
the tumt^y. Unless a holtf is bored veiy carefully, and unless 
ihc fttlirg of ihc lathe parts is faultless, there is always a risk 
Ihfll ouUidt turned portions will show slight wabble after the 
job i!3 cither ktycd up, or set to run luost^ly. The deeper the 
bofr, the greater the chance of departure from perfect concentric 
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mah. The practice, therefore, is la finish the bore, rough-tum 
the outside, and lake a very light finish-cut with the work held 
on a mandrel. A cone pulley Ute ihai in Fig. [36 is a case in 
point, where the over-all length of the pulley is much greater 
ihan the length through the boss, and a slight inaccuracy in the 
bore of iht iaiter would h^ magnified at the extreme ends of 
the pulley, 

Sometimes a mandrel ik employed to permit of turning a 
portion in one chucking instead of in two. 
If A bush is held in the dog chuck, it must 
be reversed 10 turn its whole length thus. 
But if it b bored, and then put on a 
m&ndreli the exterior can be tgrned at 
fine tr^veTse, which is always the belter plan 
when practicable. 

The slipper block in Fig, 137 Js a job 
which can be finished on a mandrel, turned taper to fit in the 
hok A, first bored. As the piston rod has to ht in Chia hole, held 
by the cottar^ the rod and the outside filling in the bore of the 
guides will run truly, "I'he flipper block is held on its mandrel 
by a cottar driven through the hole, which is used for attaching it 
to the piston rod. The alternative is to turn it on its own rod. 

The bearing neck in Fig. J38 fitanda for a class of jobs that 
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Fig. [39. 
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turned and threaded on ihe outside at one chucking on 
ii rnnndrLl. 

A spccml form of boll maiidicl i^ ^huwn in Fig. 139. This 
ii very commorly used for the jJurposL- illusiraled, for holding 



tt] 



"ui 



tifi- '43- 

bmases, &c,, endwise 01^ their flanges- The ^rcw being long 
accomEnodarc^ bra^stf^ of dilTerent lengtlis. Fig. 14a ^hows a 
clip cncircUng the body of the brass, 
a device in which a. pbin uiandTLJ 
is utilised. 

In I^g- 141 & lever ia driven on 
4 mandrel, for the turning and facing 
of lis b08H, 

in another class of job the 
mandrel takes the form of a pin cr 
blud on a plate, heldn not between 
centres, but on the face plate or dog 
chuck' Thus Fig. 1^2 shows a disc 
v oial with the pin o to turn tcccii- 
trie sheaves on. The shKive could 

not be finished on its periphery at one chucking if held In any 
other wfiy. The amount oF eccentricity required is Imparted 
TO the pin, so that when a is chucked eoncentrically, n takes 
care of the truth of ihe sheavt;. Also the key in b serves 1.0 
hold the sheave without any further aid. 

Fig- 143 ihow5 fl doable sheave which is turned similarly on 
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the pUte (Fig. 144)" The disc in this case is set to run truly, 
held in the dogs of the chuck, and both sheaves are then turned 
without altering the position of the chucking pEate in the d(^ 
The amount of eccentricity given to the pin equals the radius a 
in Fig. 143, and two key grooves are cut in the pin at angles 
formed by the radii a, a. First one sheave is turned, and tben 
the key is withdrawn, the eccentric sheaves slid around on the 
pin to bring the key groove opposite the second keyway in the 
pin, and refasiened. Then the second sheave is turned. The 
boss wiU have been turned at the same time as the boring of 
the hole. 



SECTION IIL 
WORK SUPPORTED AT ONE END. 



CHAPTER IX. 

Face Plate TuffNtNG- 

Churt, W*>Tfc compiled unlh ibnt htjiween Cenlrift — Conditions visenliaL in 
Chucks— The Face Plalu— iLi Rdilirta h- ihc CHiicks— lift Gtcnl Ulilily 
"Auacbmcnli lo — AirangviiicTil uf Slol Huks — it a FilLiiii; In the 
M^iiln:! — ani3 Care in Uw— Principles uf QampinK Wi?rk— Spiin^ — 
Bolilmg—PicVing*— Clain|im6 Hairs— Lixjsc Jjiws— Wiml Hlocking" 
lvi;-chLn~kti>g — ALiernolive Mo(Jii>i( — Ecnmplcs^ — Work held belweffn 
Fore llnif -.t^ M^'vublc Poppvi — Koce PlAie lik aei Iniennediile tg 
Chuck? — Miipiciic Chuclts. 

FOR suppaning work thai is earned by one end, or Tace 
only, the point ccntrts give place lo the ruinieroua 
appliancet^ thai Qoxnn under the denciniination of face 
pUies, and chucks, When a chiiok is mcndotit^, lh;il a]kp]iiim:d 
is always understood in which the work is RTJpped at one end 
only, 2>k distinguished IVom the point c^-ntres. 

The inHnflf variely that exists in tlie forms of [lieces of work, 
and the faci thai many have lo be reset in changed posilionsj in 
order to complete the operations performed upon them, are the 
nsAons vrhy 50 large a numbtr of chucks, and chuckiny appliances 
Ue tised. The rapid, secure, and suitable gripping of pieces uf 
infinite variations in form Lsone section uf ihe work of the mmer, 
of equal impOflanci; with the actUAl cutting operations. Rapidity 
in effecting the yrip makes for economy, and ihis is a matter 
which counts for a good diral. Security is essential, olhervri^e 
the |Uecc may become dislodged, or shifted under the stress of 
cutting- By the tt^rm suitable is meant thai which will neither 
distort, nor fiatturL^ theivork, nor interfere vtth llic freidom of 
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act[on of the tools. It is in proper chuclcing of awkward pieca 
thai Ihe difftrcncc between skilled aiid clumsy men largely lics. 

lfi however, we consider the work of the engineers' lurnurj', 
we see thai, as of old, there are three or four broad types o\ 
chucks that predominate, to the almost compLeLc exclustOD of 
others. They are the face plaCCj the dog chock, either of in- 
dtpendeni, or self-centring iy|>t, ihe box body, two-jawed chuct, 
and the drill chuck. Eocih of thi;^e, though employed for gcnerAl 
worlt^ has yet its own special adaptations, the vub-types are Tery 
nuu^crou^ itnd their dloiension^ :ilill more so. In these, as in 
other details of Inihe adjuncts, apeciaHaaiion is a growing fentutt, 
certain high-cliss chncks being Ihe productions of a ii^vr frrms 
only, while in brass work, and turret work a few fornia ait 
designed only for holding certain classes of objects. 

To support work between centres i^; easy by comparison widi 
gnjipJng it at one end only. I'or» unless a chuck holds vcrv 
securely, tht stress of culling will cause the work to becom*: 
sprung or shifted. And in the modem practice of turning metals 
whun it IS not unu,sual to have a depth of cut of half, or three- 
quarters of an inch, the need of strong chucks is even grealcr 
than tvcr. The result is that iiian^ improvt-menLs have liecn 
made ever the older forms, both in regard to gripping power, 
and to dorahiMty. 

In turret practice, a regular device is to grip the bar which 
\& being cut aC both front and back ends, to which device the 
hfjllow spindles, and in some cases, the thoroughfare holes in 
the turrets of these lalhea tire eminently adaptable. Bui outside 
of bar work, as it is tcrmud, sucti a device is not practicable, and 
therefore chucks must be aiade strong enough in themselves to 
hold the work by a grip at one end only. 

The conditions which are (S^emial in the construction of a 
chuck that will fulfi] these and other tequisilc conditions are the 
following ; — Kirst, a suflicienlly strong body, jaws, and screws, or 
other operating mechanism. Second, aci-Uracy when new, and 
Its retention vindcr severe and prolonged duty; general, on 
special adaptabilities to the varying requirements of shop practi 
[:onveniem'e, and readiness of inani[".jla[lon. Though thiii ttih 
tiot seem a forutidablc list, yet it is so in fact, as is evidenced by 
the great variations which exist in the designs of chueks, and by 
the experience of those who have had to use Lhcm. 
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The face plate, and the jaw chucks are the shecl-anchore of 
iht ordinary turner There h no rommon job thai cannot be 
held ill a IdUii^ equipped wkh Lhcsc two types, with an ^ngk platu 
or two thrown in. The (ace plate is adaptable la almost any job, 
affording, so to speak, a clean slate, OJi which tht! skill o( the 
lurrtcr finJs LOiiiplcle scoijc for tht scheming of various mtihods 
ol fastt^mg. The uses of the jaw chuck are more Umited, being 
cunfined to internal, and external gn|3S. Though these cover an 
immense range of work, ihty do not meei the case of a great 
nimititr of ptcccs of irregular shape^i^ nor of ihal large volume of 
work thai has to lie Lunietl right ac njss the edge wl one setting. 

"n>erf arc two kinds of face plates, the small plate, which is 
the intt^rmediate between a chui^k and the m^ndrt^l nose, and that 
111 which work is attached directly, ThL' huttr, the fare filaie 
proper, may, or may not be a chuck. It Ix-comes a chuck wh<jn 
work i»; attached to ii dirtctly by bolls or dogs. It h a faci? plate 
simply when ii becomes the intermedijte connection between 
an actual chuck and the nose of the lathe spindie. U is as a 
fhtw^k Vie have to considtr it Iiefl-. 

It is the ekmtnlary form of chuck, which is mainly adapli^d 
for gripping 4ai pieces of no great thicknesE, as distinguishttd from 
ihose in which [he length generally exceeds thtfr dianiuEer or 
broftdth. It L? also cxcelloinly adapted for holdiig pieces of 
in^pibr form. 

Ttic face plate, as a chuck, has bolt hoics ca^l through it, 
variously aminged lor the aLiachnient of holding devices- Hieae 
are often dmply bolls, and Ehey clamp [hi? work to the face by 
aiCAHs of plates of iron or aiccl, through hole^ in which the; boltb 
pi». Or hook bolls art employed. The objection to these 
methods of clamping )s thai the work is vi^ry liable to be sprurig 
mil of truth thereby, and when thus forcibly diatortcd during 
tuniing, i( springs back on it* release, and remains permanently 
(jui of sbApe- For this reasfjn, and also because of iheir greattr 
eoDventcnci:, clampic^ devices frL^qucnlly consist of square blocks 
of metil with tail screws thai fit into any of the slots in the face 
plate, *nd ihat carry clamping acrews \shich bind tin: work in a 

■uiyie horizontal with the face plate, thuK operating in true chuck 

^Pnion. 

■ The gfcat and Bpecial value, therefore, of the face plali; lie^ in 

I the ease *ith which verious adjuncts can he fitlijd to hold piecea 
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of all conceivable foTms. In ilself, the plain plate with slots doff 
not look liki; an article ^Kiastssmii \try much scoi>f, Bu[ tht 
slots permit of bolting up numerous allachtnenis of various forms, 
comprising j>lam clamping pistes, hook boUs, dogs of differed 
kiTidS) and al.so movable Jaws, and angle [tlate.s, besidts special 
chucking blocks for special jobs. 'Yh^ range, thcrcforei of duly 
of the slotted face plate is widei than thai of any otht-r form of 
chuck whatever, and for this reason it retains, and mu5l hold its 
place in the general turnery. 

The methods of holding work on face plates resemble^ in many 
detaiK those of the planer, driller, and general machintsl. Bolts, 
clamps, djgs, and angle plalei; each have ibeir proptF spheres o\ 
service, but each must be used with judgment. Thus, a Arm 
hold is an essential factor, but by no means the only one to be 
considered. Anyone can grip u casting or forging firmly -. but all 
metal is elastic iind tesiiient, and the good turner keeps this fact 
ever in mind, the clumsy man docs not, and so spoils much. 

In arranging the positions of holes in a face plate, the difficulty 
is that \i Ls impossible to say where bolts will be wanted. The 
holtfii have, therefore, to be planned to the best of ones judgment, 
and many worktrs keep twci (jr three plates with a widely differing 
arrangement of hole». The usual design ia that of radial alol 
holes of various dimensioni;, with a few square ones at available 
spaces- Sometimes sijuani holes predomiaaie over the slutted 
ones, or else the latter are very short- This arrangemert doe* 
net afford audi a range of utihty as does the first named. The 
ubjection to inserting a large number of small holes is the vscakcn- 
ing effect they have on the plate. But the greater ohjcciion to 
them lies in Iheir inconvenience when shifting holts about to «i»it 
the work, in which inatance-S the bolts hare to be taken right out 
of the holes and reinserted in others. A long slot avoids thit 
waste of time, as the huh can be moved along lo the |xj5Ttion 
desired. 

Figs. 145 and 14/j illustrate good lypicjil arrangemfnis suitable 
for the smaller, and larger plaCcA respectively. Because of the 
thickneas necessarily imparted to the largest plates, tee slots Arc 
preferably cast in to a distance of several inche^i from ihe peri- 
phery (Fig. 146), and oblong slots occupy the central areas. Some- 
times the latter arc omitted, and tee-groovijcl slots alone inrludcd, 
beinj^ more specially adapted for the heaviest class of lathes. 
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Fig. 145, 



Lble 10 inscTt lee-headed bolts from the out 

}\yx will not turn in Iheir stols, is obvious, as 

!-of rontiiiuing ihe ^loi^ lo the cenirt-. ^^ in Fig. 145, 

bohs of any Icni^lh ntiay be placed tn position withoul 

remove ihe 

from the 

would be the 

ting a long 

igh a plain slot 

back of the 

In Pig, 145 boib 

Lplain slols arc 

L the sectional 

ivnng the Ctff? 

lit! the upper 

ihe plain dot 

iken ihrcugh 

bd line. CaFTy- 

[ee slot* right fo the edge also enables a boh lu le placed 
to the full diameter of the plate, which cannot be 
other slots. 
tjrpe of plate has curved slois (Fig. 147), which 
permit of adjusting the 
bolls over nearlj^ the en- 
tire surface of the plate 
by sliding them simply. 
The entl of each slot over- 
laps the next one On a radial 
line. When angle pUles 
have to be attached, a plate 
should have a couple of 
pn rail el slots, A large 
variety of designs of slot 
holes are variously arranged 
in plates, according to the 
ideas of the designer, but they arc simply variations on 
here shown. 

plates, eitcepting those of ^ery small diatnetcr^ should 
on the back, and stiflcncd with an annular flange, in 
I 
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Ihe manner shown in Hgs. 145 and T46, This enables Ihem to 

resist disiortion due iii riamps. 

As the plate is ihc basis for ihe work, no mailer in what way 
it 15 gripped* it must be trued up in ptace n'ith a fine finishing 
cut. A niailt^rctf m> less importance is llie fitting of ihe screw- 
thread and the method of its use. The Iroublt; b chat after a 
while this begins to lose its first accuracy^ due to the wear of 
the screw, and uf ihe shouldered portion of iht: mandrtil and the 
bofiE face. To diminish this is ihe objeet of having shoulders of 
decent size, and screws of coarse pitch, and in some designs also 

leaving a portion of the nijuc 
unthreaded, and pJain, a^ being 
less liable to wear unequally 
than a thread. 

Care in use delays wear. 
A plate should never be run 
on forcibly, nor, if it becomes 
jammed tightly should a ham- 
mer be employed to start il off, 
hut leverage cnly i» the proptf 
mean^i 10 employ. A plate ought 
to be merely tightened by tbc 
pressure of the hands on the 
periphery, and loosened in ibe 
same way. Any grit or dirtj- oil must be wiped off the threads 
before screwing on a place, and nothing hard should be allowed |o 
tiome into contact with ilie boss face, or thread. With care, a 
plate once true will remain so for an indefinite penod, 

A workman can increase hi* =iloek of places by making a pUrn 
pattern for casting from. The chief point to remember is thai 
the face shauld be ca^l downwards, and the prints for the slot 
holes must therefore be nailed on ihat face. Core hoTe* 
should be made, if accuracy in the dimensions of the holes ss 
desired^ The plain hole for tbe thread can be cored ; but in the 
smaller plates it is better to leave the boss solid, and drill out the 
metal entirely. 

Iron and brass are elastic, and yield under the pressure of 
bolts and platea, unless adequate support ts afforded jn oppostiion 
to Ihe bolts. 

When a piece of work is clamped on its face by plates and boUl 
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FACE PLATE TURNING. 

ie6r&t essential \\ tbat iU bedding shall be absolutely perfect 

he HimMness uf the jii^cc damped mailers little in some ca^es 

II bcd^ properly. Il may, however, mailer in the caae of casi- 

n llAnges^ which are liabJe to fracture if damping is done in 

is fashion. Two Itading ccmditions must always be observed : 

ough the work must be clamped securely, its distortion, or frac- 

lire musi bo avoid*?d- The combination of both these conditions 

I Qftcii di^cult of attainment by leo^on of the ilimaineas of 

be work held. 

A5 a rule, the po^ble spring of a face pljite under the puM of 
)oUs may be neglected. Any decent plate should be able to 
rithstaiid this. If anything ^prings^ it will be the work. From 

Eiis point of view we have two main methods open — -pressure 
jplicd perpendicularly to the face of the pkte, and (hat pardlcl 
rth its face. These two cover nearly all cases, and correspond 
htb the ijst' of cbLiiping plates in the first case, and of dogs or 
poching screws in the second, Just which to use in either case 
■ a matter for judgment, and depend* mainly on the shape or 
^portions of the work. %*- 

i In tho first pUce, when using clamping plates, a face that has 
been first turned or planed can be pulled down hard with perfect 
pfetf, even though the flange, rim, or lugj or any other portions 
phich receive the pull of the bolts, are thin. If, however, the 
ufTniCC next lo ilic plaie is rtJUgh-oast, or forged, ii (langc or lug, 
vcn though thick^ runs the risk of being biint or btoltcn by the 
lamping bolt^. In such case:? packings must be inserted in the 
|>eD spaces between the work and the plate, under or close to the 
otei and of such a thickness that they will just fill up the open 
Bits of tin, zinc, square rod, flat iron strip, hard wood end 
in upj or anything thai is not sensibly compressible will serve. 
ping plates should be level, or nearly so; or, if out of 
they should slope In (ipposiie directions, to equalise the 
,in. The selection of suitable packings to bring the plates 
itc level would frequently Lake more time than the job would 
llAnd, aid generally a alight departure from parallefism fs of no 
poRienr It only aflects the minute setting of worh for exact 
^niring, which are not so readily done when che pfate*^ do not 
quite level aa when they do- 
To manipulate packings, plates, and bolts all at once is often 
bicsome- Each bolt in tuin has to be just tightened up with 
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the Angers suf)icioni to hold, while the work is tapped with ihe 
hammer lo efleci 114 rainuie adjiistmcnLs. Sometimes, iherefare, 
clampiTig plates arc bcnl round at one end to form the packing 
u well, ard if a large stock of these is kept, this is a. good plan 
(sec Fig. 156, p. [jG). 

Plates arc itiade adjustable to acrcommodate work of v'odous 
thicknesses. Ati old form is that in which the plare cake« &cre« 
of difTerent lengths, and so covers a wide range of thicknesses 
without the use of packing blocks, which are dispensed with bf 
fitting a screw at the end, so thai the height nf the plate may be 
altered U\ suit the work. 
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In some cases a plate will bridge a piece of work, in othei 
ho]es in the work permit of the inserLion of :l boll, ihc washer of 
which then forma Ihc plate- The fising of varioua jobs requires 
different dispositions of thij pLates. 

The dogs used for clamjaiiig edges include maiiy forms, some 
being familiar, others not known so well as they ought to bt 
The commonest are crude chuek (logs, or jaws considered with 
regard to their mod\; of opetationn The body oF ihe appliance 
is bolted to the sloL in the taee plate, and the screw is pinched 
against the work (see Fig. 153, p. 1 J4), The objection to this b 
that ihe end of the screw turns against the edges uf the piece bcmg 
clamped, or of the packing pieces used, and may cause thera to 
shift. A betltr design is that in which a contact pit^ce or cap is 
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lUtd <x\ the end of the &crew (Fig. 148)^ similar iq the ends on 
)oiners' clamping screws, which itiustrales a Continental design. 

But the best h that in whith loo^e jaw.^ are boiled to the face 
plate (Figs. 149 and 150), like ihosf of common j;tw chucks. 
They aie bolted in any required poBition on the plate, and the 
jaws arc opeiaied similarly to those of cnmmun chucks. The screw 
is carried in the seating bJock a, which is attached to ihe face by 
the bolls as seen. This, therefore, converts the face platt- into a 
true dog chuck, three, or four of these blot^ks bein^ u^. The 

difTererce in the two jllustm- 
tion^ is, thai in ihe first, the jaw 
wrrew parses throu^^h a nut; in 
the second ic takes u bearing 
;ilnng the entire length of the 
Jaw, engaging with a portion of 
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le rircif. The lattt^r is also readily reversible, being run out by 
luming the screw, and turned round for running in again. Ti^, 
151 iti a fevereible jaw used on French lathes^ 

The question uf re-chucking ariises in many caiies- -Speaking 
gcnciaLly, it is desirable to do all the Lurning and boring on a 
piece of work at one chucking, if such is practicable. This, 
buwever, is frequenily impossible, or else injuditioui ; but many 
ansc in which this can be done, and lime be saved, by the 
rise of jud^em. 
Anuthcr everyday fact '}•> iba[ moat jobs a^unt of ahernative 
methods of working; and it would often be imposGible to say 
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that one IS righl, and the other wrongs or that one is better tbao 

the other. Frequently th*? rlioice i? determined, not as an 

abstract mallLT, but by the laihe and its appliances, ox by ihc 

aptitude ;ind practices of a workman. But the margin i^ not 
Vfry wide here, antl in most jobs it is easy to stit 
the butter of alternativt methods, 

Fign 15a is a plain job» a dead eye beariaj 
bushed lo receiv*? a shaft of a crab, or crane, built 
with plated cheeks. U is turned on the portions 
indicated by the dotted lines, and bored 10 receive 
the brasa buiih, and the bush is bored. Two 
chuckings are required here, because opposite faces 
have 10 be turned. This can be done alternatively 
with dogs, or with clamping plates -, hut as dog^ 
take rather less time 10 manipulate, it is better to 
u^e them in this example- 
First, the face A can be laid next to Ihe face plate, dogs being 

pinched against the edge c, while th^ hole Is 

bored for the bush. The bush being then 

inserted— the job beinR removed from the 

chuck for the purpose^ — the boss h re-chucked 

without akeraUoii in position, the buirh bured, 

and the face b turned. Alternatively, of course, 

the bush may be already hored separately, and 

simply inserted in place. The boss is now turned 

round anti re-chucked, with dogs pinchn^g the 

edge D, and the remainder of the turning done- 
There is no reason why the sequence of turning 

shouM not be reversed, the face a being turned 

first and utilised for chucking by; but in that 

case c should be turned — which is not necessary 

An alternative would be to re-chuck on a man- 

dtcl, but ihcrc would be no advanULgc in doing 

so in a case of this kind. 

The dogs used in John of this kind may, of 

course, be those of a jaw chuck, or the loose- 
dogs filled to face plales- A melhod of gripping 

simitar lo ilmi just illustrnted is shown In Fig. 

153, being a coupling boss, held on a face plite ivilh loose ilop 

bolted in any convenient slots. The screws in the lugs of the 
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do^ arc then tij^htened against the cdgc» of the ilAnge of the 
rotiplftig, 

ITie *^£e^ for claniping plaies occur whtn there is no risk of 
disii>rritm \iy the lightening of ihdr bolts; ^vhen plates d*J not 
inierftre with turning the purl? ; either nor having to be lurned 
at oJl, or having been already turned in another chucking ; vrhen 
work standi out so far from the plate that a face grip ts safer Lhan 
imc against an edjje, becaust holding ilic work moro solidly up 
;igainat the plate \ and for other occasional reasons. 




Fig" '54 illustrates a job resembling that in Fig- 153, but held 
with loose clamping platen a, supported on loose packings d of 
the same ihickneiia as the flange daruped. I'ig. 155 is another 
piece which is held with flat-headed bolts forming the clamp^ a 
de^i^n which avoids the u*;e of plate'i separate from the bolls, and 
is useful in ca^es where the sticking up of the nuts is undesirable. 
Fig, 156 hi another kind of fastening where the clamping plaUs 
and packing are in one piene, avoiding *4epaiate packings, but 
requiring a number of grips of different depthii to suit vanuua 
flarige ihickneases. 
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*'*'S' '57 's a useful form of damp in which a set screw Forms 
the pidcing, with the advantage that it is not only a part of the 
clamp, and therefore does not ^lip oui^ or becomt^ lost, tint jiIso 
permits of effechn^ adjuslmciits for thicltress. As the act screw 
is shown, it permits of ma'iimum adjustmenis for thickness ; but 
if turned round, with the head outside the clamp, Ihc minimum 
oidjuj^imenl^ down to nothing, can be made, 

Thii \R shown gripping a portion of a friction chtdi which has 
to be turned all over, and bored. Here twc chucltings are re- 
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quiml, *nd the t;ipered pnrtion requires to run very true with ibe 
bore. As there ir* a considcrftbic disproportion between the 
dUroeter of the rwo, a slight inaccuracy in boring wil[ thrtjff the 
t]tiitch pait uut considerdibly ; ajid if tlu> happens, the letter wij] 
Ikftvc lo be fmtshcd on a mandfel, The chucking shown in V\g. 
157 is the first o]ter;iiion, in which tln^ hole is bored, the ^oovt 
^ the sliders turned, and ihi; adjacent parls, including the broad 
of the disc, OS far as the clamps. Then re chucking is belter 
doT%e by dogfi gripping the edges a, Ahen ilie remainder is tUTned, 
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including the intetbrj for good finmh, and balancing, as far ^ th« 
buret! holt (Fig. 158). 

The brake wheel in Fig. 159 ia bored and turned over th(f 
portions indicated by ihe dotted lines. Dogs clip the lops of ilw 
tcclh at A^ during which chucking, everytblng is done except the 
boss Face B, for which a re-chuclung is necessary, with the dcgS 
brought up against c. 

Figs. i6q and i6i arc citamplcs of work in which dt^s should 
grip the points of the teeth during boring and turning, ai»d in 
which two chuckings are iTeci?ssary. Jn gcjod work, such wbeda 
are faced right across on both sides, which prevents the use of 
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clamping plaie-i. These arc lx;s[ turned in regular jaw chucks, ot 
on face piales fitted with detachable jaws. Frequently, however 
the top? of the lecth ire skimmiid over when castings do roi come 
out very Irucj and especially when two wheels arc cast together. a5 
in Fig 161, Absolute conceniricity is then seldom prosent» and 
the teeth are topped to disguise the eccentricity which would be 
visible when running. 

Among awkward lathe jobs, pulleys for shafting are coniraon 
objects. There is a risk id handling these, of diHloitioii, and also 
of fracture. When rims are light, armis muiit be cast light also, for 
heavy arms will fracmre light rims^ during, or suhsequenily lo 
coolings A» the rim cannot be readily clumped for 
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pullfjyi are chuckled by the arms in most case^. Somelimes n. 
puUqr rim is grip|H^d in a do^ c-htick againsi iht: ouibid<^, the tum- 
lag done bdfway acTos:^ the Tim, the piillcy Tcvcrsed, and the 
dhur half of Ihe rim turned. This ansvttts very wtill whi:n pulleys 
arc not roundi:d on the ltosvii, bui if diL'y arc, ihu chuck jaws 
cannot be depended on to hold. And al^o when pulleys are 
larger than the face-plate chuck^ this method fs not available. 
The be^t niclhod la then to ulacip by tht; arm^, and thi:i f^ done 
AS follows ;- - 

(iet wjiTie damping jiUlos (Fif». 167) with bolts to embrace 
^Cttch arm, or in small pulIeySf three arm^ alao six blocks of w(X)d, 
ftavnofTof such a length that they lake the entire pull of the boltSi 
5i> kcqiin^ ihe pulley rim away oiT from the [il.ite. Holes can 
easily be found ir? a slotted fdce plalc I0 takt- bolts arranged like 
ShUv Whea the clamping pbtes are tightened up on the arms, 
tbcjr will not exercise any prepare tending lo bend and fracturf? 
the arms, but will simply pinch them down on the wood blockSi 
Sftnd the laitLT against the face plate. The hyhtesC arms can be 
i>cld thus with absolute safely, and without chatter, when turning 
Ihe nm under moderate cuts. The rim being otT the plate, \l can 
!bt lumed all ovtr^ and [he boss bortd and faced on one srdo also 
at tbe same selling. 

The illustraiion of packing shown is of course not ntctssarily 
[given as of an absolute charaeti^r, A. separnie clamping pEatc may 
be LUed for each armn with two bolts, and packings In the smallest 
pulk^t it would iuffioe lo clamp two arms opposite each other, 
Tbe reason wby every arm should be held in ihose of large siie 
U that spnng and chatter would occur when turning near the 
undamped arm«. 

When boltiiii; up a pulley cast in halves, like that showui the 
platen which fill the gaps made by the splitlinj> plates when cost- 
ing, niust l»p of jh[; correct thickness, and the pulley measured 
lo sec iliat it is the same diameter each way before 
ing to turn. The plates must also bed properiy» or else 
tightening up '►f [In.' bolts may frarrlure ihe lugs. 
i'uUcys are sometimes finished on a mandrel juat for the 
|iurpo«e of giving them a final truing up. This is rendered 
nccc^ssary when, from some cause or other* the hole has not been 
bored truly, as when the drills or bit, or lathe-boring tool bos been 
pemiitied 10 wobble, But only a very fine cue can be taken over 
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Ihc rim when the pulley is held i^n a mandrel^ without chntter, 
Sometimt's ihc filjf is used [o inifiart a smooih surface iinally, 

A good method of holding pulleys by thdf amis is shown in 
Fig- 163- Cast iron bracket^i a, jire bolttid to the face plale, and 
arc provided with set M^rews h, whri:h damp [he fuct^ of the ar 





and so permit of adjustments bdn^j^ made, until iht wheel mn* 
true. Olher screws, c^ press against the iiieide of thu rim, thus 
providing for conceniric adjusiment. When the wheel runs ftuly, 

Ihcae screws arc given a final tun, 
nnd the driving thus eifecled. Three 
of ihfse clamps are Mifficient, located 
c-quidistatitly around the face pble. 
Fig. [64 <;hoVp-s y special kind of 
driving dog for bolts, which has the 
merit of simplicity. A small face 
plate, A, drives the carrier, b, which 
is cranked to stand out beyond the 
lathe centre, so that it embraces twy 
sidescf a bolt head which is mounted 
upon the centre^ and drives the bolt 
round directly the latter \% slipped in 
(dace. Tlic lime and trouble of putting a ciirier ^r-^xiraiely on 
tach boll is saved, aiid the opcmtian of chuckrnj^ is effected 
with rapidity — an laseniJal in such work as bolt turning, where 
large iiuinbcrs ure treated- 

Hand wheds arc- familiar examples of objects which 
turned en the rim and Ixisji white hdd en n mandrel. The 
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y% IJT i» * owful form ol damp in which a set screw forms 
Jint with ihe arftantage that il is not only a part vX ihe 
thorJbiv d<jcs i\o\ slip out, or bccoiot lost, but also 
nfs n( tifecrin^ adjuhlmtnis fur Ihickness, As the set screw 
m, ilpcnnits of maximum adjusimeni^ for thickuirss; bul 
iraed Tourtd, with the head outside the clamp, ihe minimum 
[r^mrwi^down lo nothmy, con bt made, 
TVn u hho>fn gripping fl portion of a fiictii/n clutch which has 
|bF tmn^ all over* and bored Here two chuckings ire re- 
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T^Jml, 4n<i the Upercd ptirtiori requires* Uj run vtrj true with the 

^ Ah ihfrrc H il considerable dl^proporiion bctwoeo (he 

'•^MQcici of the iwoi. 4 slight inaccuracy ir) boring a#jII throw the 

'in out cfjnsitlcriibly \ and if this bappi^ns, iht- laller wflJ 

■ ' '*.■ ftiii^htd on 3, m-indrt^r The chuL-king shown in Kig- 

»»lh(? first oj)cralio", in which ihe hole '\> bored^ the groove 

|ltw ilidtr? turned, and the adjacent parts, including the broad 

*>Ilhc di»c, ai far :i5 thr ckimiis. Then re-chuckmg is better 

^J ^'S* gr^PJ'i^nS ^c edges A, when the rcmamder is (unwd. 
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including Lhe intejior^ far gi»d f^ni&h, and lulAJicing, as & 

horod hole (Fift, i^^)- 

~I~hi}' brake wh^ in Fig. 159 is bored and turned or 
portions indicated hy Ehc doticd lines, n<fg& c)tp ibc inpM 
teeth ai a, duiing which chucking, everything is done exc 
boss face k, fur which a re-chucking is nt'L*essary» with it 
brought up against c 

Kigs- t6o and 161 are examples of work m which do^ 
grip the points of the (cclh during boring and turning, 
which two chuck in gs arc necessary. In good work, sucb 
are faced right across on both sides, which prevents the 





clamping plaies. ThcKe atc best turned in regular jaw ch: 
on face plates fitted wiili deticlwblc jiiws. Frequently, h 
ihe to|is ol ihc teeth arc skimnii^d ovlt when castings do ft 
out vt^y rruc, and cs[iccial1y when twu wheeK aic i3Sl tqgi 
in V\^. 161. Absolute coiiceniricily is then seldom prcw 
the teclh arc topped to disguiie the eccentricity whicb on 
visible uhcn running. 

Among awkward luthc jol^s, ptiUcya for sheilting 
ohjectSn Th(*Te is a risk in handling these, cf diitorcioit, 
of fracture. When rini^ arc lighl. ariiia mu»t be ■ .1 
heavj- arm* will fracture li^ht rit(w, diirin^, oi , j 

cuoling. A> ihc rim inuinot he rc^idily cUinpcd lor iu 




^^Hk chucked by the anns in n)0$t cz'^ef,. Sometimes a 
^^^B it ^ppctl in n cJQg cbLiL'k agaTn^t the uuCsfdt;, the turn- 
iBf, doiK h^fmy acro» tllc lim, the puUey reversed^ and the 
<tiict ball of the rim turned. 'I'hjfi unswers very av^U whun pulleys 
■c not (oundrd nri ihc cro«ti» but if tliL-y are, \Ue chiick jaws 
Vmot hir depended on to buld. And aho wh<;Ti pulleys &re 
b^ thnii ihu fuce-pUCe chuck, this method is nof avaiUble, 
Tltt bc«4 nurthod is then lo clamp l>y the arms, and this is done 

.'Jine cb-mping plarc* (Kij^. i6») with Iwlw to emhrjict 
LL9L:itijL], DT ill sEitJill pulltys, th[t^ arms, al^o ^ix blocks of wood, 
w*"ofi of Bi]ch a lenj;lh llul they lake the entire pull of ihe bolts, 
w Wpifjg the pnlley rim away off from the plate. Holts can 
cuilf be found in ,i sfuued hcc pUtc to take- bolts arranged likt: 
th[\ When the tJanping pUics are lightened up on tlie arms^ 
li«j"'ll fvn tutiriw^ fliiy prejisiife lending to bend iind fracture 
tW Jnio, bcii will Simply pinch them down on the wood blocks, 
■ri iht Utter agamsi the face plate. The lightest arms can be 
«(itli ftb^olute safely, and without chatter, when turning 

ir^dtf moderate: cuts. The nm lidng off the plate, it can 
tc Lunvrd *1\ over, and the boss bored ^nd faced on one side also 
itihc lamc setting. 

Tiit aiusiralion of packing shown iii of course not necessarily 
pvfiia^of a:i absolute charjci*?r. A sijpiiniLe clamping plaits may 
b.UMrdfor each arm, irith two bolts, and packing. In the f^mallcst 
ipikyy it wotild suffice to cbmp two arms opposite each other, 
Tl>crM«)n why every arm sboulJ be held in those of large sijie 
•* ihat tpring Jind chatter would occur when turning near the 

..d arm*. 
'^.^Lii bolting u(i a puilcy cast In halves, bke that ^hown, the 
ptMes whicii fill the gap*i madiJ by the spliUing plalea vrhen cast- 

t hr of ihc corrcci thifkness, ami the pulley measured 

' Ki: llmt it i» the saiitc diameter each way berorc 
"SMnftitfTcing to turn- The plates must alao bed proper!)', or else 
'i!'- liiiiiiTiinj^ up of the Iwlts may fracture the lugs. 

I' ''.ya arc sometimes linisheii on a mandrel just for the 
i: 1'- ■ of givini^ ihem a final truing u|j. Thin [^ rt-ndi^red 
It r-hv:) mhtni from some cause or other, the hole has not been 
bared uiily, a« wheu the drill, or bit, or lalbe-bonng tool has bceo 
pOttfUrtl 10 wobble. But only a very fine cut can be taken over 
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the rim when the pulley ts held on a mandrel, without ch: 
Sometimes the file is used to impart a smooth surface finally. 
A good method of holding pull^s by their anns is show 
Fig. 163- Cast'iron braclcets, A, are bolted to the face plate^ 
are provided with set screws b, which clamp the faces of Ihe a 





Fig- 163. 



and so permit of adjustments being mad<?, until the wheel 
true. Other screws, c, press against the inside of the rim, 
providing for concentric adjustment. When the wheel runs I 

these screws are given a final 
and the driving thus effected. T 
of these cUmps are sufBcient, ]o< 
equtdistantly around the face [ 
Fig. 164 shows a special Icir 
driving dog for bolts, which ha* 
merit of simplicity. A small 
plate, A, drives the carrier, b, w 
is cranked to stand out beyond 
lathe centre, so that it embrace? 
sidesofa bolt head which ismou 
upon the centres, and drives the 
round directly the latter is slippi 
place. The time and trouble of putting a carrier separate! 
each bolt is saved, and rhe operation of chucking is efTt 
with rapidity — an essential in such work as bolt turning, « 
large numbers are treated- 

Hand wheels are familiar examples of objects which 
turned on the rim and boss while held on a mandreL 
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bots is generally bored and faced irret, then put on a mandrel, 
and the rvm turned i but only light cuts can lie Uken, because 
<»f the risk of springing, which produces chalter marks on the 
rim. This may soineiimes be lessened by pLinng w-oi:>d blocks 
between Ihe face pbte and tht' nm, ao thai although ihi; wheel is 
sail on the mandrel, its rim is sieiidied somewhat against side 
cbatlcr. 

Besides the regular adjuncts, a great deal can be done in 
holding wort «f unusual and awkward shapei by the Lt!^e of 
wood blocking. This is freely employed in engineers' shops. 
By cutting out %ees in woocl> circular porLions can be bedded and 
hdd with sirajjs, or clamping platL% whidi eould not be securely 
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Fig. 166, 



fastened to ihe face plate alone. To ihie device ihere is obviously 
no Umit in reason^ 

Fig5, 165 and i56 show how the valve-rod guides for che lad 
ends of tngine rods can bt- borisl and turned quite truly. They 
can, of course^ be dono in ordinary jaw chucks, and would be ao 
treated generally. Bm there is less risk of dama^ng the work by 
adopting the wooden chuck uielhod stiowii, and thi- results will 
be perfectly true, which is not the case if a jaw chuck, slighdy 
worn, is used. 

In the first stage (Fig, 165), the guide ia shown held by its rough- 
cast body in a wooden chuck, screwed 10 a face plate. The- hole 
for Ihe rod Is then bored^ the tnd faced, and the outside turned 
iind faced as far as the back cf the flange. In the nL'xt stage (Fig. 
166), the same chuck is turned back a little, and bored out afresh 
ta receive the parts just turned, leaving the remainder of the 
oul:ndc to be finished. Support can be afforded at the rounded 
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end by tht? centre of the movable poppt:!^ if found desirabli; whm 
rojghjrig down, being moved oui rjf cbf way ju« before ihe end 
is (Anally linjahed ofT, 

Wood blocking is beller in some res|>ec[G than metal packing, 
not only becaust? \t ran be readily cut to fii any part, but becflU^ 
tt U not liable to Hlip. Ndthcr dix-s \i injure the work, or jwH 
Hensifaly lo the revolving weighl. Any wood h suTiable, but the 
sol^c^r deals are easier worked for temporary service. If a chadf 
ho5 lo be used for several picf^cB in succession, a harder wood 
may be ehoscrin as beech. 

T^rge numbers *if jobs whidi are held by one end on the face 
plate or dog chuck, should be supported besides at the movfLble 
poppet end, by reason of their overhang. ThW proportion of 
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overhang to diameter is a very variable one. It depends or 
natural rigidity of the piece being held. Thus, a casting having 
a broad flange next the face plate would not require support at 
the other end, as a piece of the same length and diameter, but 
without a flange, would. A piece tapering from the face plaic 
might be unsupjjoried at the other, while j parallel piece of the 
same length would need it. If a piece k liable to chatter, either 
by reason of its shape, or from the nature of the culling done 
upon it, support would be more neceasary than where such 
tendency was not present 

Fig^ 167 is an exaLn[>]e of a common >ol> which, though of fail 
length, docs not require any extraneous support. The dogs of 
the jaw chuck grip it at opposite ends in iLtrr. suflSciently 
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to permit of boring, I'acinf^, and lurnitig. Bui a piece having ihia 
proportion of length to dmineter is gellmg on the border lint. 
En Fig, i6S ve havc^ an air vessel that has lo be faced at both 
ends, and thb, of ihe proportions shown* should rcceii-e support 
on the poppet centre*, ihe holes being bridged *3rti strips of 
iiKial \\> tate tbe centres, by the methods described in ti previous 
chapter, page 84- In the cose of ihL' smaller air vessels, o. specinl 
cone centre might be us«d, but the other plan is better. Another 
wAy is to use a chunk of case Iron, tapered outside, to slip partly 
into the end* and CcnlirL an thjit. Another is to Ui^o a hxi^d stt^dy 
OT si:3>, wjihiii which the piece is ^upporEed, and in which it 
levotves, near the end situated away from the hi^adstock- Another 
device for smDll ends is the cone plaie, ivhlchi however, is chiefly 
us<.~d when holes havt to be bored up from the end, to be illus- 
trated later in connection vfjth boring in the lathe- 

The face plaie, used as an intermediate connection between 
the chuck and the nose of the 
Iftthe spindle, i^ filled on all 
high-dass chucks- It ii found 
eaater to maintj^in the truth of 
a chuck in this way than to 
throid it direcily on the spindle 
nose* Apart fTOoi this, it per- 
mtis of ihe purchase of hiyh- 

daSb chucks, Lnclcpenjenlly of any Cijnsi deration of the pitch or 
sju? of the thread on the spindle ncse, which are then easily htted 
to any lathe by the iniermediary fact plate. In chucjks that are 
purchased, a rcccsa is turnEjd truly on the back, into which the i^^\^ 
pLnte^.fitted to its spindle, is turned to maku' a vwfW f\.\, and is then 
secured with screws. This method is nosv of ahnusi universal 
adoption (see Chapter XII-, page 173, for examples). 

Magnetic chucks are capable of fulfilling the functions of face 
pUto for work that is not to be subjected to any heavy cutting. 
1"hoy were hr^l miroduced or grinding machin^Si but ore now 
majiufacmred as face pliues for ordiimrv lathes by O. S. Walker it 
Co^ of Worcester, Mass. They arc niadc \^ iwo styles, large and 
*m4U, the difference being thai the latter (Hg, i6g) are provided 
«ilh tec slots and stop blocks. The drawing represents (he latest 
construction in these chucks. The main pari consists of an open 
body or shell a, having four magnet cores B, cast integral with 
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the shell. Coil chambers arc thus formed in which arc placed 
the magneiking coilw, wound on iheiT bobbins i\ which are slipped 
over the magnet ccires. Tht winding is not shown. To thbopen 
box is fitted □ mcriiUic cover or plalc K, screwed to the box, and 
cut onr to reci-ive ihe four triangular pieces f. Each piece f i& 
fastened Avilh two screws to ihe magnet boas n, beneath it. The 
space between e and f \^ filled with non-magnetic metal — brass, 
for insiance^so forming magnetic gaps between the pjoles b and 
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F, The whole chuck is thtrefore a magnetic surface crossed 
eight gaps. The current is brought through a fleniUe wire from the 
supply, which in the case of these chucks is that of an ordinary 
incantlesceiu lamp circuii. Ii is conveyed to ihe rotating chucic 
by two spring brushes which bear on tht two collector rings C, a. 
The screws ti n^ which hold the rings on, also convey the current 
from them to the bobbins, as seen in the plan, one wire going from 
each scrcwhead to the bobbin winding?. The insulating material 
m for the rings i* seen at j, being a block by which the rings 
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screwed to the body, the remaining spaces being filled with non- 
conducting cement between the rings. The recess at k is Co 
receive the intermediate face plate, similarly to the fitting of other 
chucks. The tee slots ate used to centre the work by» and also 
to rdnTorce Ibc holding power of the chuck by preventing the 
work from skidding sideways- In chucking similar pieces the 
practice is to leave three of these blocks fast in the tee slots, and 
to reiQove the fourth while removing and inserting work, so that 
centring is done at once. Concentric circles struck on the face of 
the chuck aUo assist in centring. 
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AdTanidgn of ihi; Angle J'laic — DulgTu of— McEhod^ uF SctLing Woik on— 
Examplea— Bend— Biackci — Force Pump— Globe Vatves — Bold Piptfr- 
Qi^ing far Hydraulic Valve. 

A DEVICE which is much uaed for holding work on the 
face piQtc is the angle plate. It appears ai lirst sight i 
ralher crude arrangement^ che drawback, beirg thai rts 
maas, heing always of necessity ael to one side of clie centre, b 
frequently left unbalanced. The work thus held does, in sonie 
cases, act us a suitable counterbalance, liiit gt^nt^rally in an ini' 
perfecl degree; and at only moderate speeds it is generally 
necessary to bolt something on the opposite side cf iha centre to 
cause the plate to rotate? without jerky motions. It look.s clumsy, 
but IS the best method practicable. 

In pieces where feet are cast on, as in the numerous forms of 
valves^ cocks, and cylinders, the foot is planed in the first place 
and then bolted to the vertical face of the angle plate, with the 
certainty that any face then turned will be at a right angle wtli 
the foot, or that a hole bored will be parallel with it> If a sccoad 
chucking is then required, parallelism is ensured between turned, 
or bored poriioni, or correct right angles. 

Thc angle plate thus immensely increases the utility of Ibc 
face plate. There w scareely any limit in reason to the aw^wartl 
shapes than can be buked to it — shapes thai in many cases couU 
not be gripped firmly and steadily on the platu alone. This 
appliance is less used for turning ihan for Ixiring and facing- In 
the: Jobbing Jihop. therefore, it lakes work thai would, in llie highly 
speciflhsed shops, go to the bormg tnill, driller, planer, shapcr, of 
milling machine, ic be done in large quantities. A good deul nf 
time may be spent in rigging-up, but that counts for tittle by 
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Qomparisoo wiih the advantages gained' When a hole has to be 
hored^ ns well as a face look d, it is in most cises belter to perform 
ihe two operjLtioiw on !hc lathe, rattier ihan divftlt them between 
lathe and planer* of, say, shapcr and horing machine, drill, ot mill. 
It is a good nile that two settuigs of work should bt^ avoided if 
one will suffice. lVhe[i pieces of very irregular forms occur — and 
ihts? embrace iarye numbers of castingri and forgin^s that have 
to be hetd for turning^tho faf:e plate, equipped with suitable 
dogs and angle plate, is the proper appliance to use. 
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Slot* can be differently arrunged jn different plates, as in Figs, 
fjo and 171, some longitudinally* .ind some transversely, each 
being mote convenient than the other m different jobs that require 
adjustments for ci^ntring ihem by. Brackets aru often inserted m 
ihc ends of angle plates of large siie, as in "Fig 171, but are 
generally omitted from the smallest oni;s, not being nccc^ssary in 
these- 

Angle platen for must machine tods have |)arallcl flanges, 
bill many of those for lathes have oae tlanj^e cut to a curve aa 
shown, approximating 10 thac or ihe face plati-, on which they are 
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mostly used. This is done to prevent risk of corners calching 
The m.tss of llie plaie sluiuld be i;i]unlerljalanced tiy btjiling a husj 
or a dialiincc pkce on the face plate o]>posite to the angle pklc- 

Each face plale of dilferenf sJ7e can with ndvaniagt: be htted 
with hs own an^lc pUie ; and in Lime tbtsif plates will acciimulatt^ 
OS those of var>'ing proportions in regard to width of fiongcs and 
stmngements of slots are made for different jobs — two or three, 
perhaps, tu go on the ^auie face plalc. The usual form is one in 
which each flange is of the KamL- width ; but it is convenient Id 
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bavc some niiide wiih fTanga'i uneijual for jubs iha[ have to stand 
out a considerable distance from the pLalL, such as some forms of^ 
force pumps and hj'drajlic pressure pump* 

Anj means of attachment which is used un n face pliiie ran be' 
adopted also o\\ the angle plQte> These include plain bolls, hook 
boU-S, and movablL- dogs of the various forms previously illusiraied. 
These }^ on the free face of the angle plate ; the other faec h 
bolted to the face plate with ordinary- bolts. 

A simple example uf angle plate work Is Eihown in Kig. 17^, 
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One flange with its check, which may, or may not he previously 
turned, is bolted to the angle plate for the turning of the other 
flange and check. Thtr mass thai lies to one side of the centre 
is counterbalanced h>- a loose weight bollc^d (c the face ptaEe. 

&lher of the fact-s of an angle plfltt? can be utilised lo rt?cdve 
the work, provided they are ma^ThineJ up iruly. It is often very 
de-tinLblc lo be nblc to reverse the angle plale, as in Fig> 173, 
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m nrdtT to inke deep work, which otherwise would not allow tlie 
>ngle plate lo he bolfed up m the face plati^. 

This example shows a lall bracket bohed lo tlie injicj fucL' of 
mngle plate directly — that is^ without usin:- any packings. The 
is hupposed to have been pluned iirsi* and when the boss is 
ic<x3 ftnd bored, it i^ bound to be parallt:! with tbc baae> 

It is also clear that any pii^ce of work havinj^ faces or bore^ 
II arc required [o be at exact right angles with each other can 
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by successive chuckings be tooW without any checking for ihe 
truth of rhese argles^ by using [he anglt plate. It i*i necf*fsar)', 
however, lo start with a machined face ; or if this is net availahk', 
one fiicc must be irucd in the lathe, and the rough face firet 
aiuched may then have m he packLJ, or the worl: adjusied id 
average inaccuracies that m^^y be present in the rough casting or 
forging. And besides this, work can bo- chucked lo do faces that 
stand perpendieulai'ly in the first set, an eiiiimpte of which wou) 
be a cubical piece requiring tooling to be done on each face. 

In cases— which are not in frequent^ where there is no flat Tfl 
available to go eirhernexl the angle plate or the face plate, the «< 
has to be packed up^ And when this becomes necessary, scribing 
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blocts, internal calipers^ compass calipers^ squares, and 
regular devices of the lineT-out have to be employed. Thtic wfll 
be worked by the cenCre lines on the job, or lo Faces and edges 
already tooled. Tht? fiices of the face plate and the angle piaie 
becomt; then the basea from which these instruments are used, 
being employed just as the markinj^-ofl' tabic is by the liner-out, 

Kigs. 17-1 and 175 show a plummer blockj and an engine 
cylinder respectively, being bored and faced, on angle plat 
I^ngine crosshead^ are sometitnes treated similarly. 

Figs. : 75 and 177 illustrate the chucking ofa forre-pump body 
on an angle plnte, by means of its fool. 

The first work, on receipt of the casting body, n to test iht^ 
cored holes in relation to the exlcmul diauieteis, and to the 



ANULE PLATE TURNING. 



15» 



K Then the holes are lined out in such a way thaE inaccuracies 
will h^ aveiagfd beiwten them. They a(f bridged wilh wund. 
The centre plant a n, of ihc hole.^ to Ix: boftd is scribed with the 
casting blocked up, and while in that position ihe edges of the 
foot also must be scribed round foi i^iUnin^ iL^ lace by. Thi:t 
vertical centres for the bore are scribed, ond Iht btirt-a nexl the 
outer faces of the flanges stmck with compasfies. 

The 6jst part lo be tooled is the foot a, which may be shaped, 
(tianed, or milled. This is Ihe basis for the subsequent work. 
iTw two hoU holes A. i, are now drilled to hnld the foot to the 
angle plate, which will now bu bolted lo the face plate, and its 
distance fTom tht' centre adjusted lo bring the centre plane a a, of 
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ibc pump bores in the centre of the lathe. At this position the 
plate wiJl be permanently held, but there must be four separate 
settings of tht pump body in this plane, 10 do the various 
borings and facmg? of the dilTcrent parts. There must be 
plenty of holes in the fact- of the angle plate lo which the 
pump i^ boUcd. Or> in aome casein, that face may he left 
blank, and holes be ddllcd to suit the various poaltiotis of the 
body or other piece of work 

To act the pump body for boring in next each flanged face, it 
U cloiuped lemporarilvT and Ihe talhe run round by hand until the 
^oini of a scriber held in the hand, or in the slide rest, indicates 
ihe coflcctitric running of dic circle struck upon tliu flange face. 
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The corcentrfdty of the miernal pontons, away from the outer 
face, ma>- be lested with a acHber, or by the boring tool passed 
within the body while the work is revolving, or ty noting ibe 
truth of the running of ihe outside ciicular ponion. When the 
setting is found to be correct for any one portion, the body is 
bolted firmly in that position, and ibe boring proceeds. This 
should lje done from iht slide rest, chough \i is ptaciicable Tfj do 
it with hand tools, in gun-metal. The fl.ingc faces must be 
turned at the same chucking as thai in which Lhe boring is doae. 
At one churkinj; the bors? £ and face adjacent will bt done. 
'I'his yiositicn of the work 13 shown in Figs. 
176 and 177, At nnoiher chucking — the 
angle plate always remaining fixed, and 
the pump merely swivelled upon its face, 
— the bore adjactnC to, and ihi? face d\ 
at the third, the bore and facc^; and at 
a fourth chucking, the bore, and fact; yi 
After this the body will be removed from 
the laChe^ and the gland, f^angeSi and 
valvei5 will be taken in hand. 

A globe valve for bleant cr water (Fig. 
178) is a very common object, made in 
various forms and many sizes. The prin- 
cipal variations arc in the ends, which are 
either provided M'ith flanges for bolts, or 
wilh hexagons, :ind screwed imernallyfor 
pipe. This need make no difference 
essentially in the method of chucking. 
In either case, whether the end^ are !>crewed ur Handed, ibret' 
chuckings are necessary. In all work of this kmd a f^eat deal 
can be done by the aid of wood packing* and angle plaies. 

Taking a Hanged valve first (Fig. 176) the £ange a and the 
seating a had better be done before the ends. The figure shows 
how [he rough casting can be gripped securely. The flanges are 
bedded on two blocks of wood n, <t, sawn either to a vec sha^, a* 
shown, or to the curve of the flange- These aflbrd a good 
support to the casting, which withouL them would not remain 
steady on the face plait, having no ilal surface to lake the pull of 
the bolts ^, b. The latter pass through clamping plates *-, /^ in- 
serted in the ends of the ho)e» \ and blocks of wood d^ ^, sawn 
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to kngib, receive the pressure of the balls outside the costing, 

and so maintain the clamps level 

As ihe casimg miisi be made to hold np lo si^e everywhere, 
even Ihoogh the flanges may not have come out of the mould true, 
And the cored portion ii may not be concentric with the fiange a, 
tlic job must he run round and tried with challc, or vrilh the point 
of ck scvber. on the eccentric, or '*high" parts, and any in- 
acciirau^es iversged by slacking the holls slightly, nnd tripping 
the cabling lightly with a hanimer, until it l^ got as (rue as is 
found pmctiuible. The end llanges c, c, must be checked with ^ 
«iuare from the face pbie, and if found out of ^iquare must 
be put approximately right, othervfise they will, when their lura 
comes to Ije fAced, be found of uneven thickness. 
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When thebohs are properly secured, the flange a will be faced, 
its. edge tunied, and the inierior bored Inwards for J in. or j in. 
The seating n will also be faced and tiorcd. A stiff boring 
bar carrying a (col point may be used for this, or a solid bent 
left'hnjid tool Flange and seating will now be parallel, and con- 
centric with each other — a vilal point. The centre line for the 
boJl holes will be run round, and the job laken o(T the plate. 

In the nen cbueking, i\\*: flanjje \ becomes the guide for the 
Imlh of Ihe others, being set at exact righl angles *^ith the face 
plate. This can be set simply by a square, but it is safer and 
licEter to bolt an angle plaic (Fig. 179) Up against it, so keeping 
It true while ihe bulls arc being tightened up on thu flange neirt 
(he face plaie, and preventing risk of the job shifting sideways. 
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TliG fiange iieKl th<; fac^e plait \^ as j'el a rough-casl fact ortly, 
and ihcreforc will im: bed on ihe plate properly — an adOitional 
reason why the angle pklc should be used Bits of packing, or a 
sheet of rtibhei should be inseried between the flange and the; 
plate to prevent risk of ibe lighlcnitig up of the bolls a, a — ihrcc 
nf which are uaed-frnciuring it. In tt job of comparaiKely small 
si2o these bolt^i ma^" even be dispersed with, and ihe angle plaie 
;iloue relied upon lo huld. For latger valves, however, ii is sixU 
not to trust to this alone ; hence the rLMson for the face pi 
rlamps- The truth of thp flEniges inu^t be tned by running 1 
face plniL- round, testing with chalk, and tapping the casting unti 

the flanges run true, then givirig 
the nuts a, a^ a Hnal turn. The 
flange c, that stands outward, ia 
now faced, and lis edge turned, 
and the line of boll centres tun 
round- The third chucking dots 
rot neeeasarily require the angle 
plate, because the Hange just 
faced is a perfect guide, its face 
bedding on the face plate, and its 
edge being set to run true, 

A valve body, with be>:flgonal 
and screwed i^nds ( Fig, j 80} 
mi:st go through somewhat simi- 
lar opemtions, with the addilioi^ 
of the internal screw cutting at 
each end. Fig. iSo show^ n 
convenient method of chucking without wood blocking, an angk- 
plate receivinf^ the fliits on one side of ibc; hexagon, and the puU 
of the bolts on the flats opposite, the clamptnj^ plate passing 
right over ihc ends, and needing no packing, 'Hie end^ will bo 
faeed, though there are no Ganges to turn, and an angle plate may 
he L*ied against the ftat-faced end, as in the example just given. 
The circular truth of the casting can be checked when run round 
on the plate by a scriber touching the angles of the hejtagons. 

Fig. iSi illustrates a casing for a hydraulic valve, which, 
unless done in some considerable numbers, would be best tooled 
by the assistance of the angle plate. The only holes that are 
coTed are those at a and n for the valve, and fcr the tightening n 
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on the top of iln Five diucVings arc required, mo of which can 
b« done on a face plate, or independent dog chuck direct, for the 
hnlM * and B, die other three t>Ti ihe angle plaie. The ceiurei 
arc all lined oui, and the mo axes c and d, ai ri^^ht angles with 
tach other, are used also for selling the prece by on the angle 
plate. 

The start is made by boring the hole a, and luminj; the face 
K K, the casting being gripped by the edge of the boss v in a jaw 
diucV, 01 by dogs embracing the sides and end^ of [he casting. 
A cut may also he taken Ehrough q at the same trme. The piece 
can ihrn be re-chucked, lieing set by a and n, \ being held by 
the CBtL-fnal edges of jaws^ or altcfnatively loose dops may grip 
the ends and ^Jdes of the body, and the truth of rvinning be 
tested by a acriber puint held against the holu u, rough bored^ 
The face of f will be rough turned at this chucking, and its recess, 
and ibe thread cut in u. 

The faced part £ fcrms a useful guide for ihc subsequent 
operations : E gees direct on the free face of the angle piali;, and 
thus ensures that the three glatid holes g, h, j, will be bored 
parallel wiih e. The centre lines c and D, when set alternately 
poiallcl uilh, and at right angles with the face of the face plate, 
become guides for the tiuth of ihe bored holcji, in pLin. 

One of these chuckings \% shown in Fig, iSi, and this will 
suffice to illustrate alt. The face fc. is next the free face of the 
single plat?* and two clips n, n, going across the bosses for the 
boll holes of the body, receive the puU of four bolts i;, k, which 
hold the body *jecurely to the plate. At this chucking, adjust- 
roent U effected by means of the lines c and d (Fig. i8i). The 
line D i^ te&ted with a surface gauge, the base of which is slid 
along the face of the face plate. The line c is checked by rhe 
bbdc of a square, the stock of which rests on the face plate. 
The minute adjuuments of ctnire lines are obtained by ^ilackening 
tbcr bohSi and tapping the work with a hammer in one direction, 
nnd by shifring the woik or the angle plate in a similar fashion in 
the othi?r The witness lin*?i — one of which i<i seen ai m in Fig, 
iBa—made by the marktr-ofT, show when the buss runs truly : 
and if the lines c and u are also at right angles with, and 
parallel with the face plate respectively, the boring can be prO' 
cceded with. The chuckings and borings for the other branches 
il and J are a rept^tition of those just described. 




If a number of these castings have to be tooled, some time 
can be saved by bolting a. circular disc of the same diameter as 
the hole A TO the angle plaie, in the VL'Ttical iilunf at rhe lailje 
centres. The castfngs can ihcn be turned round on Ihb, and 
when the line? c aiid d etc set with square and surface gauge, t 
basses will be central. ^ " 

Fi^i. 183 shows an example ^f work for which the angle pla 
is sdapled, but whirh dt>?s nOt possess anj' flat sittface ihai can 
be boUed direct lo ii, or to the face plate. Ii is therefore a job for 
packings. The casling i^ the body of a hydraulic Ceslinp pump. 
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Almost all the holes ore drilled in the solidj the only portion 
which is cored being ihe main hole for the ram. 

At 5r^t sight ihis might Appear a job for the drilling machi 
because a number of small holes have to be drilled in fiom tho 
difftTf^nt fact^. But the numerous threads that have to he 
indicate that the lotht is the machine to use. The holes mi 
be done Jn a drilhng machine, and the threading in a i;ithe| I 
ihe double set of fi\inga-up would caufic unnecessary wa^e 
time 

The casting niu^t be lined out on the maikin^-ofT Lablt?* 
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the turner «-ill rt'iitiifc iiXX the centres and wiiness lines avfiilAble 
m iht^ work tif chucking. 

The bosl way to stiiri is to UkL' the lonji sU-m (irsl, irhkh. 
receives ihe ram. This has to bt turned at a lo fit in [he cover 
af ihe pumiJ box, Al the same lime a cut can be taken round b, 
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which wilt be an aid to re-clampmg 
l*ter. The face c is turned als«^ 
and this becoines a useful ^uide for 
rabscquent work. 

Fig, iS* shows the body shipped 
(in Lhe ttn^lc plate for the iirsL -sCagL: 
in the mrnmg. Tl is clamped with 
liitct plates H, holding the casting 
down on packing (not visible), and 

the back of ihL' flanjic is kipi up against the edge of ihe angle 
plate 05 an acjdiljonal securiiy. 

To ensure bAving the work true, several dt?vi(:es are adopted. 
The centre lines a, b, ur f, which corrijspDnd wilh ihe cL-ntres of 
the main bores, can be checked from the face plate with a aquari;! 
lo get ibem at righl angles with the plate. Thf centre lines of 
ihc stem |iorliL>na — hoth tt and Ihe une in tht^ plane of the angle 
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rill be brought exactly opposite the lathe centre, which is 
:eadily by rurmiiig the job round, and adjusting, until the 
■ Une d runs true. The back end can be adjusted with 
l^ until its centre measures the same distance off the angle 
Li the back as at the front. This may be tested with a 
set with its stock on the face plate, the blade standing 
idicularly Co the angle plate, measurement being then taken 
u edge to the two centres. 
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Fig. 186. 



he parts to be turned at this chucking are a, m, and c 
ie, [he face e^ and the hole/(Fig. 183), a portion of which 
^wed with a gas thread, after which the body is removed for 
^king. 

1%. 185 and 1S6 illustrate how the re-chucking is done for 
; the holes d, e, and f {Fig. 183), the arrangement being 
ifor F in Figs. 1S5 and 186, Vee blocks^, f, of wood or 
^1] or blocks of wood cut with concavities to match the 
d parts A and b (Fig, 183), are Laid on the angle plate, and 
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the casting bolted down on lhi,'ni with bolU h^ h^ Ihtough plar 
y, /. Adjuslnn:ni5 can easily be made then Ijy ihcccrlrc lines c, ^» 
and c ir one dirocLtoti, Icsting with n square from Ihe face plate, 
and in the othijr by n\<?asuring from a square perpend iculatly to 
the first named. If the vce'd or cuntave blocks are got correctly 
in ihis way, they will be right for each chuctmgwiihout re-cutting, 
which shows the advantage of having tunned ns^cks to lAy iheni tii. 
The final minute adjustments will be cflcclcd by revolving ihc 
work, and testing by the Mp-itness line around each bored hole. If 

these run true, and the 
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centre lines art square from 
the face of the plate, ihe 
bolts can be tightened up 
for turningn Three chuck- 
ings will be required for D, 
E, and F» each bcine a 
repetition of the others, 
in Figs 1S5 and 1S6. 

The portion h of lb 
branch f (E*"ig, 183) will 
have to be done at a chuck- 
ing by itsulf, either before 
or after the remainder of 1 
is bored or scre^^cd. ^^H 

A chuck-ing at ngo^^ 
angles ha^ to be iJcine fur 
drilling the hole / (Fig. 
1S3), shown in Fig. 187. 
A bloi;k of wood or meial 
w supports Ihe body, wit 
the flange clear of 
angle pkte, and two clam 



ing boils hold il do*n. The centre line a (see Ki^. 1S5) 
then set parallel wilh ihe face plate, and the centre line of t 
plant uF the caKling parallel with the angle plate, and th 
when the witnes*^ line or the end of / runs true, the drilling cjin 
be done. The job is linally shifted along on tlie uiigic plate 
bring the axis of tho hole (Kig. jSj) true with ^^^v, lathe ccnl 
This has to Ijl- drilled from the outside, as indicated by the dotted 
lines, and the length shown dotted is subsequently pltigged up. 
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Indepewpent Jaw Cmiojcs, 

iimiUEih-ni of i!nr Face Plale— Dog or Jaw Cliin^W — The ?liicc of each— 
GcncnL Dcvfi" ^^ J*'^ Oiuck— Flllmg uf G>]Eim<>n |nw^— and Scrcwi 
-F.utmpl« vf Wvifk June— Bevel Wheels -Ouich -VbIvc— iSDrnci— 
VmfiiiliQns in Formtuf Jnw*— Internal mul IlKTi^mnl— Rcipr^itilr— Lonst 
— KdgB '(( Jnw5— JttWfi of Incyiilnr Korm— K^lsa Jdws— KeiTi'ivable 
Javt for AiiAChmcnr \o Facc Plai^— Bok Giuclu—CAb Chucks— Kelt or 
Cup Chuck ^ 

THE rare plati?, with an angle plate in ccimbinfition, fulfils 
within its limiltittons, the conditions whicli arc csr^cntiaJ for 
general shop reqniremerts, but its unUlii^ft arc confined to 
cntain classes of work- It would he a cumbrous, and un- 
cccnomicnl piece of mcchanisin for simplo circular work of almost 
all kinds, for pieoes of con5ider;ihle length, for almosl anything 
eictrpt parts of irregular form, and those having flanges, and feev. 
Wiihin these limits, however, it has no rival 

The dog, or jaw t'hack (Figs, 18S-150) divides favour with 
ihc face plaie to a much greater extent than the conccJilric type 
doe*. The latter is only suitable for work that in inae circularly ; 
but the former, in which each of the jaws has a ntovement inde- 
pendent of the Cithers, will j;;fip circjlar, or irregular pieces, either 
*oi*cetitritally, or ecrcniricaTly. Ils proptTiy of minute adjust- 
meiiE t'i of great v^Tue, both when ne^v. and when it is worn : ihc 
Qnt to compensate for slight inei[ua lit it's jn rou^li cast and forged 
work; ihe second to in^ke adjustments Id comptnSBle Tar the 
irear of the jaws, and bAckls.'^h of tht screws. 

'I'hc face plat«, and the dog chuck t:ach occupy a place uf its 
own, ai> also doe^ the coEicentdc stroll, or ge^irt'd chuck ; hut the 
iinsl two are ci the most value in the general run of turning. The 
dogs and clamps shown in Chapter IX. are not readily adaptable 
to the jaw chock -, but jaws are such vaEuable adjuncts to the far^ 
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plate, that a ^ood many rcmavable jaws urc made to be boUc<^ to 
face plateSj ihus rendering them combination types. Thee 
are noi makeshiftSn as some combinations are, but eiceUcnt 
standard fortris. 

The three views (Figs. i8S to 190) show the jaw chuA 
commonly made. The jaws hold either on the internal or exlcrml 
edges ; grooves are turned in ihcm to help to grip the «ork better; 
and circles are scribed on rhe plate to roughly centre by. Tlic 
nuts at the back arc slackened when a piece is to be grippedf tlie 
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Fig. iSH. 




Fig^ 1H9. 



jaw screws turned to get light ^rips, Avhile the work is mrk raond 
and tested. It is adjusLcd by slackening some screws^ and 
lightering others, where required ; and when true, a final turn t£ 
given to all the screws. Then the nuts at the back are screwed 
up »o that the clampmg plates may pull up the jaws tightly Agiunit 
the plate, and prcvem all rliance of the jaw^ slackening back. 
A good many chucks arc made with reversible jaws to grip &null 
pieces. But it is better, :le a rule, to have a separate chuck for 
such work. In ihe better class of plates, the jaws are sunk into 
grooves from | in, Co g in^ deep, according to dianieter, to alTuni 
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to tbeoL Mr S. H. Hamer, uf Halifux^ fits the jaws us 
'- — Tlii'> an- Tfiachintd all over, but not lltted in thtchucK 
Ixircd, Of Uppcd- Tfiey arc then case-hard f.-ned. with tbu 
■ptinti of ihe shark, which is k'fi sofi. Then, on a special 
din^ rnochinc const luciLd for tbt: purpose- ihe back pari t>r 
\ jaw, in a 5ct of four, is ground, all being made the snmc 
mnr ffftni back To fron(, as gauged by a intrrometer. Then, 
ibe lock Ad a b.isis, c^cIl aide is ground to u standard, and 
an afterwards bcr^d and tapped in special jigs. 




iv^ alwiiys warp mure or kss in hardening, eapeciAlly luigc 
\ if thctc wcrv burtd iind laiiptd Ufore case hardonini^, i\ny 
Jing 3ftcrviardft on Iht- back wnuld tlirjw the *icrL*w uut of ihu 
Ut nf the hole in ^Jr chuck, .ind unlcT^s tliL' screw uy& a slack 
MhjM lock it bt^r, 

lo ihc dcaign shuwn by i'i|^ t88 190, the screws Tor nioving 
licmr A ]j^ovc turned in (he cclLar, and a couple of pin^ 
itic ch(ick pUie, and hold each screwi in positron. 
an oM juid cuntmun device, but nut a guod mechanical 
leni, because not gnly have the pins to stand the pressure 
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exerted by the screv on Lhe jaw when gripping ihc work, bul ihcf 
are also subjctl CO Lhe friclion of the screw being lumed under 
pressure. A belter plan [a to bore the chuck tlirough, lar^e 
enough to allow the fast collar on rhe screw lo pass through, ojid 
pui a loost i-oUar uw the outer end of the screw, making itiat end 
proportionately larger. This collar is usualty held by means of 
two pins, bortd so that the body of the pin fiis half into the collar, 
and half into lhe solid of the chuck plaie. Mr Hamer has a 
patent adjustable collar, ^hieh '\^ chased, and the hole in the 

chuck lapped out, arid also such of 
lhe surface of a die le; into the hok 
a^ come? in contact with the collar. 
Hy nifans cif a small screw acting on 
this die, th^' collar on each scrtw tan 
be instantly released and witlidrawn 
or adjusied, and m mslanily ^pj:ied, 
or locked fa&t. In practice left-hand 
scrtws divide favour with right-hand, 
being more " handy " ihan lhe lattcr- 
Almost any class of face jobs aui 
be gripped in ihese jaws with liule 
risk of slipping- And the moit nirajly 
the fiiep of lhe jaw makes conwcl 
over lhe whole of hs depth with the 
surface of the work, the belter »ill 
the holding power be. Subseijuenl 
Fig- 191- illuslralions show some ifxamples of 

work suitable for jaw chucka, respect- 
ing which the following remarks may be made :— 

Take lhe bcve! whctl In Y\g. itji. This can only be chucked 
by the Ixsses. and nothing more suitable could hn desired. The 
wort to bt' donf- is in bore lhe hole, and fare both t»o*^4, 
Somttlmcs the ends Cif iht: iteth are faced for good appeannce- 
Clati-jping plates could not \nd employed on a job lite Ibis, though 
face-plate dogs might; but ibe j.m-s <if the dog chuck are lhe 
proper things to employ. If one, or bolh of the bosses are cut of 
truth with the teeth, the latter must be set to run true, and noi 
tbe bosses. The indcpcndenl jaw chucks are bi^ller from this 
point of view Chan the concentric. The vshcel being adjusted to 
run true by the teeth, the bosses are just cleaned up with 4 
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tool to run inic Jil^if- The proper u'ay to turn ibis wheel 
Tto chuck 6f3t on A, and Ehi^n on d. 

bticl whcrlwiih cone dutch <Fig, 192) requirt'S two chuck- 
Al rt» And iicxt aE %. As it runs Jt a lu^h speed when in 
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Fis turned all over, u« well 4s bored. The fact ibat there U 
■^raW portion to grip at a or b does not maittr ; for sint-"e Ihc 
fof tbi^ failing Ixx1*i t)n ibe plme^ ihe grip of the jaws is ampk'. 
is a jub where clampini; pbles could nt^t be lixed. 
193 b n double rone clutch which 
■nily tiiToed, actordlng tc Jls slie, 
be h^:|(] by dogs safdy J^'ainst 
ponic^ns. If the drhgs do not 
the psrahd portion a. clampio^ 
'Mre cmployudt pinching eitht;r £i1 
11 r Thi"*HC pffv^mi turning of 
lide being dnnt, oi»d ihcreTort, 
hole i^ bored, the clutdi \s 
It on u Tuaudn:1| itnU all i)il' Iupii ric- x*^. 

irhik- hdd ihu%, 

vfllvr in Kjg, [94 is lurnt-d at iwo 'bui-'kings without any 
iMe. Twi^jav diutks are freqm^ntl) usud Tur these. I-'ig, 
A bnt&« botin^ for a sftfety vatve, turned all over oul5ide> 
for a litdr way, lehcrtr the thread has to be cul X<^\ 



I r^ 




rfi6 



ENGINEEJiS' TURNING. 



screwing it to its casing. This is a job for the jaw chuck aloi 
gripping by the outside, two chuckings being required. 

Kig. Tg6 is a jol^ tliat might be turned thither on a mandrel, in 
•A jaw chuck, or on a face plare, with little wope for preference 
The least risk of inaccuracy would occur if a mandrel 1%'ere u^ed. 
The jawi of the chuck, or the sicrews of the faceplate dogs would 
hold it e(]ually wel]. On (he whole^ these method?^ would be 
preferable to the use of a mandrel when tuming, from the point 
of view of driving, because the diameter is rather targe. The 
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Fig. T96, 



disproportion betweetL the hole and the diamt;ter in this case la 
greater than that in Fig. 153, 

The methods by which jaws ar? coerced in the face plate, and 
operated would afford an interesting study. The English do£ 
chuck is somewhat clumsily destgrted, ]t hold^ weil, but so dr 
others ill which there ia no need lo bother wllh Ihe washers and 
nuts behind. Amon/; other designs, some, like this, liavc the 
operating screws going through a solid Jug gt nut, in others ihi^ 
screw- engages with segmental threads only oil the back of ihc 
jaw. The first-iumed type [Fig- 197) is open to the objection 
that the range of travel uf the jaw is Ifmitifd, and that the length 
of bearing of the screw in its lug is also limited- 'llic^c nic 
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dtficr for if Ihc! lug '\% l«ri^tht*ned. the tmvtrse is k'ss^ned- 
• xt noi suitable for reversal, ihc lu^- preventing much 
[pf of QMipefDenC. And thtrcfoTe wparatL* jaws arc gcni^rally 
frntil in such typt'j;. Unless both are alifccT ^^^ fi^ exactly 

Kibar groove, vrcai is increased unduly. 
I better ty^ is rhai in which the screw engages with a 
Ul ihreod (Fig. 198) nn the l)ack of ihe chuck jaws. A 
SC fcCfLiw can be used, with correspondinK increase of pcjwcr, 
ddippc \% no limit, save the length of the screw, 10 the traverse 
iKf, whether the latter is r<:Versed or not. In some types, 
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Fig. 198. 



Fig, 199. 



squife neck of the slti.'w is abandoned, in favour of 
uare recess, the leni;th of screw is fjrthcr increased 
ni equal to the squnre, and collar, used to prevent end- 
CruenL Jn ^uch biases the collar is put at jn intt:rniediate 
of the Kcrew length, as in the VVhiton {Fig^ 199), which 
pflvy ^efl.r driven fiice plate with jaws. The [ongoing 
oT the jaws, and the removable plugs by which the 
s are retained endwise are very snug, and 



following observation.! relate specially to jaws ihemselvca, 
If]. >oa four main type« rif jaws are shown by di;igram^ 
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A befng for grippiiij^ work rxiemnll}', r irtemalh-, c spwiaTly 
for dnlb, and amall rods, r ^gfl blanks to be shaped ^ 
desired- 

The rwo main forms — those for holding by an inside grip, anJ 
those which possess an outside grip — ate» foi corvenience. boih 
generally stepped. Each jaw has three steps available for grippn^ : 
so [hat between ihtm, pieces ranging from ihe diameier of the 
chyck body, down lu those of very small dimensions, can be 
taken in. Jaws ^ which gnp iin their in?;ide surfaces are ofSen 
termed common ja*s, bticause they are used most frequenllv- 
They possess no outside grippfnf^ edges, except on the iargei 
Mep» and thtrefort^ have to t>e supplemented by another pair for 
holding ringa, &&, by the inside- Here wc have ibe fL-ason for 
two pairs of jaws, and for the titling of reversible jaws. 

Frequently chucks are fitted wilh two 
pairs of jaws, internal and external, but where 
economy is studied, reversible jaws come in. 
Sinc:e common jaw^ have their tunes ni*idc 
for inside gripping, when turned round, they 
arc wrong. They would hold, of cour^. in a 
fashion, but only bear at their edges- The 
only part whieh ia right is the innermo^l 
edge— the oulermost when used as coninitm 
jaws. There li more ad van luge in basing 
reversible jaws for scroll chucks [han in face 
Fig. 200, plates, and dog chucks, because there is a little 

difficulty in changing jaws in fioroU chucks, 
which must be sianed in cartfully to get them concentric. It setms 
ihcttfore that the value of reversible jaw* is overrated. Vul iherc 
is a considerable demand for ihem. To some eitteni this is 
explained by the fact that in several of the bust types «f reversible 
jaws, as those which are made in Xvo parts, they lend ihemsclvia 
lo the fitting of false jaws. Thesf are more valuable lu brast 
finishers than to general engineers. 

Reversible jaws are fitted in various ways. THl- commonest, 
and oldest method is just to run (he jaw oul, turn it rounds 
and run it over the screw again. This is thi." plan adopted lu 
some (ypes of dog chucks shown :ii succeeding pages. The 
change is effected In a few miniites, but this waste of time b 
ohjcctionablei and several other devices have been adapted on 
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K fitmdidc (rf fittifig looic jawi, and in one ot wo cases of 



M tbc- (an, 
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-. \w>st ]nyri w^ fitted, ihoy bftv*: t.j lie aitnchvd 
«nft%, ind the holt-* ftir ihrie musi lAtaten ilie jau. Using a 
W)^ qoAlity of »Eccl. and not making ihc jaws loo slender, or 
1^ fcntn coo Urge, the strt^ngth )efc voiild siiflice for all Hur 

mge All the same, ii (^ not :i de^irabli? design, Considerable 

^imti loo ii thrown on the screvs, which h not conducive Eo pro 

tftngHl scnice- Nearly alt the chuck makcTs liave jaws of this 

type 

IniheSkiomrr (Fifr joi), the xip^ter r>r jaw portion is reversed 

^lt rtinniri)^ hack two screwy, lurn- 

^E Ihr law cncL fot ead, and re- 

inwr.m,^ the sercws. The dirtci 

ttniicnn the Utier is relieved by 

ftuhfl a ttushcr lo ca.ch» erdrclin^ 
'.mL'ring half *ay int** the 

■ ■ ii ilie jj*, jincl lialF wa) Ijuo 

'K 'Peking [n^oc. 

KeveT^ibli! jaw* for sctdH 

diiiii^ arc ^ho»n 

in Qiafjicf XIL, 

t'"S.ao< 4how> 
a fwm of revcr- 
Hbli ficc piat^ 
i>* of Gernmn 
Dfigln. in which 

^K liulc llMA Ljf 
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^tnf involved Jji ruoning out and in is avoided. The screw is not 
^upporicd At the end 11 as in the ordinary forms of chucks, ^nd 
"oilcan be UKed shghtly. The jaw nut is not solid with the 
)*■.« m Fig. i3S, hue fits it by a circular body a, and collar 
**ick pLTuiits the jaw lo he sHivelled on it. The jaw is prevented 
iirifr when clamped up, hy a shallow check n on ihe back, 
ft^ci-\% in the |ibtc. To lufn iIk' ja* it is only ne*c».^ry 
^ *kli^:t^ the out c ^uffi^-ltntly 10 hfi thi: rhcck oui of iis recess, 
of the sere* shoulder in its hole perniiltinp uf this. The 
then be turned round, Ihc check dropjKrd l>ack, and the 
[C tightened- 
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In other respects the design ia ihot of the English foar-Jftv 
independent rhurk. 

The gripping of pieces of irregular furm is done in false jaTs, 
which are fitted to solid jaw backings in various ways, [he 
comraone'it i^ the step jaw<i of the braw 
finisher's two-jaw chucks. They fit by 
dovetails, and !Lre eafiiiy irkterchangeaUe. 
and being left soA^ are shaped and filed 
to suit cocks, valves, and similar objects 
that have to be bored, drilled, faced, 
turned, tapped^ &:c. 

Types of false jaws of other kinds aie 
illustrated in the two-jaw chucks of C Taylor, on pages 178, tfty, 
and 190. 

Another type is circular in form (Fig- 203), with edges vee'd, « 
notched lo suit difTereni pieces of work gripped between the t^ 
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dises. The advantage of this 15 ihut the jaws need not be changes- 
much, hut simply rotated^ for various jobs, on the central scrci^^ 
by which they are 'iecured and tightened on the pbte. 

A large group of jaws is made for attachment to the common 
face plale. Two forms of these removable jaws for common 
in lathes of lartie dimensions, and not infrequent in 
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medititn size, are shown in Kiys. 204 and J05 respectively. In 
Fig. 3C4 the iaw Iit5 on a planed face in a casting a, flanges on 
which receive bolts by which it is damped Lo ite grooves on llie 
le. In face plates that are unprovided with Hitch grooves. 
can geneially Le found lo lake the boltSt which ar;: 
then made longer. Fig. 205 is an 
improved form suitable for any 
pbtu, fdSlened wiih a bolt at each 
end of the body casting. The jaws 
slide in longued grooves, mstead of 
on a race, making a mote stcurc 
job, and with less tendency to tip. 
The screw does not go through llie 
nul portion of the jaw, as in the 
previous estamptes^ bui fits only in 
a scgmenUl portion of a thread 
cut in the back of the jaw. An 
advantage of ihis, besides the snu^ 
arrangement, ia tliat the jaw can 
be revi^rsed easily by tunning it 
along iis grooves o/T Its screw, and 
then turning it round, imd running 
it in again. 
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An old and favourite form of chuck is Ih.U with two jaivs 
(Fig. ?ofi)i often termed a hoM chuck. The jaws slide in grooves, 
and art operated independently or. in some ra^es, simultaneously. 
ThrK form a useful group, but they do not Tullil the best conditiora 
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in ihe besi possible manner. These chucks are durable, but ihc 
form of the jaws limits iheir utillcics. The vcc*cl shape imparted 
to siomi: of these iii de^i^tied to embrace a considerable ponion oE 
the circumftrerce of a har^ or other p[ei:e o( wurk- But it in 
obviously iniiKrssible to render these efficiently adaptable for i 

large range of diameters, whilt 
they are [iot suitable for A^ 
pieces, nor are ihey for flimsy 
pieces, OT work that has lo be 
hdd by Ihc bore. Another 
objection \s that the box rorro 
does nol run in perfect twlanrt, 
being oblong in shape. Anollier 
i^ that it is generallj' screwed 
directly to ihe nose of the liilhe 
spindle, and cannot therefore be 
readily corrected when wiin\. 
These reasons are sufficient lo expliiin the fact thai the \ibc of this 
cKuck tends to lessen by comparison with butter forms. 
The brass finisher's clamp, or grab chuck, or clam i 




Fig. 207. 
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eKtensively. In one form (Kig, 307) the j&w^ arc hinged. A 
pirallei giip is better than OTie between wedge, or vee'd sections, 
which happens when the hinped jaws are opened rtiddy. 

The bell, or cup chuck {Fig. 20S) still retains a hraiicd placi- 
in lathe workj but its sphere has been invaded by siiptritjr fbi 
of seir^:entring types. 
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CONCtSTRIC, UmVEHSAL, TOGGLE, hVD ALLIED CwUCItS. 

Jft« Chucks rompircd vrlih Com b1 nation TypH-ObJi^cEJant id th^ Lutiet — 
The Place at ihr SelF-Cenlring Chucks— The bi?full Chuck dssctibcd 
— Thr Gcatttl Scroll diiio— Cnilcinna of— The Taylor Spiral Chuclt*— 
Anhanlji^ici of — Combination Chuckt — Mtcliiiniscn of— Chungu uf Movc- 
nieiils— Whilon— Sk-iiiner- llurlon — Sitcws— BoJici— Fumii of Jiiws — 
■ml ibe Groovcf in thn Jaws- fining of face Plntei lo Chiick %— Chuck » 
Sot Bm^liniiherfr — Thv Wnrk hanclled— Ovvrhao^— ft^vdlving Jaw 
Chuck — Vnlv^e Chucks Trigglc Chuck*— Thf Tailor Toggle Cliucki 
^IJeidU of-WorU C^lLlckcd l-y Thrciuls-Bor Work -Chnck* for 
Drillt. rim. Slutb, Ak. 

THE iwtj, ihree, or four jaw chuclc is the sheet anchor of the 
Uthc maa In ita numerous (brina it fulfttif a wide range 
cf coTidiiions, But no single lype of jav chuck is cap- 
able of fulfilling ihem all in iht liesl possible manner. The 
n«ftrcst approach to this ideal is found In the combination 
formn, hui like all combinsiion tools, ihey dn not possess the 
p^fcction of action which is secured m specialised designs. 

If the attempt is made to firlapt a single cla^^s ol chuck to the 
Wying eondiiions of lathe practice, it must be made to grip 
talHlc. and out^^id^ work, ^nd il9 jaws must be capable of both 
indepfmdent and oruniveri^l movtfmema- But the embodiment 
of ih*-*it' involves fevtn^jblc jaws, or else separate sets of jaws anil 
tncfhanism fur thro*inE iht indL-pundtinl, or Iho siniuUaneoua 
menfs of ihL' jaws inio operation ai wjll. Etfierfence shows 
howtvcT satis'aclory such u chuck may be madL' lu opeiaif^ 
vrhcn new, it ts practically impossible to retain perfect accuracy 
under the stress of severe and prolonged duty, and this is one of 
the objections to this form, 

further, in the attempt lo render a chuck :idapiabJe to 
All the varying reiiuiremeius ol shop praciice. some ruadiness of 
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manipulation musi be *acnficed, But here there are fhuclts, and 
chunks , ^umi.' making a very fuir approMinatioJi to ihe ideal 
rcnuirtd, e'^pecially in iiateful hands- Hut no cumbmaiioii chacl 
will endure the long-continued rough usage which ihe simpler 
types regularly stand in our workshops. The combination Forni i* 
largely a concession to the amateur. In engineers' shopfi thf 
liimpler lypts which are designed foi one scl of movements art 
mostly preferred, and with good reason. Strength a^ well as pro 
loagc^d accuracy are ensured in this way. A compliirated chuck 
nith many parts cannot be made so strong as a simpler type So 
that adapiabihty U MUght in a number of chucks with lew parts, 
rather rhan in one with many parts. In the concentric ji* 
chucks, the movement of one jaw effects the simultaneous rao«- 
menl of the others, in the same direction, and to the same cKienl. 
This, ihough attractive in its promise, anil valuable in many classes 
of work, is not universally adaptable, for the following reasons :— 

The operating parts wear unequally, and the absolute concen- 
tricity is thus impaired. It is not practicable to tighten all tht^ 
jaivs properly from onti screw alone. If this is attempted, the 
screws will becomo strained, with loss of accuracy, and then unless 
considerabEe force is exercised, the jaws will not bite propcily. It 
is therefore necessary in working such a chuck to employ the 
concentric mechanism for cfTecling a moderate grip only on the 
work, and then to impart the slight fina] pressure to each ja« 
separately. The same precaution has to be taken in slackening 
ofT the Jaws from the work, each being loosened in successiot*. and 
then ran off in unison. 

Another objection id the concentric action is that in a large 
class of work, sucli as that of rough eastings, and fcrglngs whidi 
are not approximately round, hut lunipy, a self centring chuck is 
practically useless. It is necessary to have a chuck for these, the 
jaws of which can he separately adjusted to the inequalities of the 
work, and this is the more necessary when allowances for turning 
and boring are cut VL-ry hjwi. In the case of work already turned^ 
in stampings, or in some machine moulded castings, and in smooth 
drawn bais, the self-centring chuck finds \Xi proper sphere- And 
in bar work, the ordinary t>pes give place to self-centring chucks 
of other kmds, in which the jaws, or collets are coerced by the 
conical sectional form of their holders. 

In the small scroll chuck shown in Figs, zog and ztothcrolaii 
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the hack nr Vmirlcil pan a rn rtlatiim in rhe fact-plate n, brings 
s scroll ** inlu operaiijii* and moves the jawa c inwards or oul- 
irds. In chuckf^ of imaW diameter — say of 3 in. or 4 in. — tbh 
avement iipplic^d by tht^ hand Id the knurled body aulTicea to 
ip most vrofk securdy, and the lever 
arceiy needs 10 be applied tu the 
Acs ht a-s it U in tht^ larger ^i;:ea. With 
ir usage, these chucks retain ihetr 
If-cenlring capacity for majiy years, 
rcn though the jaw threads wear a 
tLe ftlack on the scroll, rhi« doe% not 
ipair the true centring, because each 
IV still travt'ls outwards or inwards 
e same distance in relation to (he 
hers. With chucks of tbb clasb, when 
pplied with two sets of jaws, almost 
I ordinary requirements are met. As 

e jaws arc easily run b&ck out of their grooves, one set can 
• substituted for another in about a minute. A hole through 
c body permits of the inserlJDn of loda, and iniall tools, or of 
bar in a hollow mandrc) lathe, provided the chuck is litEed 
-e pfate y: as shown. 




Fig. 309. 
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The geared universal sutoII chuck is an advance on the un- 
;ajcd scroll of I'igs, 209 and 2 1 o in this respect : that instead of 
ing ttn* hand in the Emaller siaes, or a lever in the larger to turn 
e scroll and actuate the jaws, two or more pinions a (Fig, 21 t), 
circular rack d, arc employed When one pinion is rotated 





hy the wrench, inserted in ihe hole r, ihe cirtuljir rirk renders ll 
movements of the other pinions simultaneous, and unifornj. 
bettor leverage is thus obtaini^d, using a key« and Lhc increased 
friccidn due lo che teeth also tends to produce n tighter hold on 
the work. 

The evils incidental to, and practically inseparable irom^ the 
lue: of thi^ device are, firi^t. some slighL aitiouni of plasticity 
between the parts, and, second, rather serious wear II is in lhc 
atiempt to minimise these that wl* find considerable m«ilificJiiion( 
In the geared i:huckT»- To lessen the firsts it is essential that the 
pinions and rack should have ample support, and for the second, 




Fig- an. 
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that a lough quality of open hearth steel, and preferably drop 
forged, be used, and the leeth cut very accurately. 

The first-named conditions involve making chuck bodies 
t*o or more pit^cet. In mo^t design!^, one portion, about half the 
thickness of the body, is recessed to receive the tack; and one 
half ol the bearing recesses for tht necks of the pinionsn The 
other half takes thi; other porMon of the bearings for the neclis 
and the screwa for operafing the jaws. The l«o portions are 
jointed through the ^xk of the pinioni. The jaw screws ate 
enclosed, and pmtidcted within ril>s, find these and other ribs litlp 
to stiffen the main or front portions of the chuck body. The 
geirs ire completely boxed in, and the bearmgs of their n 
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tome close up to the shoulders of the pmiotis, in order toelmiiraie 
«s far as possible spnneiness of tht ^tars. In ihi& way nearly all 
Ehal c^n be donc^ is dorie Co make a snu^j;, well- supported 
mechanism. Thk is substantially ihe design of ihe Horion, ihc? 
pioriccr of this cbsa of chucks, of the Cuahman, the Westcott, and 
fbt Skinner chucks. 

Spring (o a slighl c-Kleni does, however, occur when lightening 
dp one pinion very hard, due to ihe elasticity of the circular rack, 
noiwith!s tan ding thai che Ulter makes a close working fit in its 
recess. It is fot thi<i reSHJo thai full pre^i^ure of the spanner for 




lightening should not be put on one pinion only in lightly buJt 
diucks, bui on each in succession, after ihr jaws havi; been 
brouftht into contact with the work. For this rcoaon also some 
of the laier chucks have thdr circular racks made cf considerably 
biiffcf cro^s-aection than they were in the earlier designs, all of 
which were characterised by flim&iness. 

The scroll, or *' spiral " chucks, as made by Mr Charles Taylor, 
of Bitininybam. arc txcclknily designed for licnvy duty, bciny of 
strong construction, and qujilihed to withstand prolonged wear. 
fn this design (Figs, zia and atj] the scroll Is cut on a conical 
surface; licnce the designation ** spiral" applied lo it- 'ITiia 

M 
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spiral is appiirentty a little matter, veE it yields several practical 
advaniagca over ihe flat or scroll form. The chuck is also n 
geared one^ having pinions a working in a circular rack ^, the 
leeih of which art; cut direi^tly on ihi- back of the spiral piece, 

II is rather aurprisinj:; how great a difference results from Ik 
substimtion of a sleep ^ipirnl for a flat scroll. In the laitei, the 
levcraf^e tu which ihc \a\\% c are ^ubjecltKi when yrjpplng work of 
large diamecer is considerably greater than it is in ihc spiral fonri, 
in whir:h [he spiral follows the same slope as the jaws do^ Bui 
the principal advantage is that the gripping pressure ukea ptace 
notmally to the inner face of the screw threads, and these, there- 
fore, receive; the atriin, similarly to buttress thfeada, althou^ 
Iheir sectional forms are of the Whilworth shapc- 

From this follows ihe fact th*l 
a. thread of finer pilch can be used, 
giving strength equal (o that of a 
coar^ier thread cut on a ftai (ace. 
Finer pilch means greater povicr, 
and increase in we:iring surface. As 
also the pressure comes normally lu 
one side of the thready half the sur- 
face of Ihe latii-T is backed u|i bj 
the solid metal behind^ 
The illustrations show a large, and a small sijte of chuck* 
One difference in the two i» thai the larger sizes (Fig. iii) 
have :heir pinions a at an angle ; in the smaller ones (Fig, ^13), 
the pinion aitis is horizontal. The smaller drawing shows a chuck 
specially designed for brass-work, with falst jaws d, *icrewed to 
the main jaws c, and having two jaws and two pinions only. The 
false jiws D are simply fitted into the shoulders of ihe mam jaws, 
and there bcrewed. Any forms can then be givti) to them lo 
suit the work in hand. The method of making such jaws » to 
turn and drill tL ring af the sixe rci|mred, and part it off inin 
segments (Fig. 114), which shows four jaws parted, and the main 
chuck jaw dotted beneaih- After forming the jaws to the circdir 
shape, they may of coutsl be further cut to vee sliape, or ot 
forms to siiit Ihi; work. 

An intermediate face plate i^ retjuired, as shown In I'lj". a 
Id attach the chucks to the mandrel no>e. ['he chucks hoiil ^ori 
equal in diameter to iheir own siie. 




Fig. 214. 
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The coicbmation scroll chuck is aji elaborate piece of 
mechanism, because )t includes devices Tor changing from universal, 
or sclf-centrm^^ mf>venicms of the ja«^ to JndeiJeiidenu In utlier 
worda. provision is made for ihe ready throwing in and out of the 
crnculflr rack, or some other equivalent device. 

What ihe com hi oat ion of two cbssea cf movements involves 
ia this : that as the centres of the pinions are niicessarily fixed, the 
nek has 10 be moved bodily into and ouE of^i^ar wiih the pinions, 
or clic separate lever movements are applied to the lack pinions 
and to the jaw screws. 

Two movem<?nis are common for throwing the circular rack 
into and out of gear fc'Jth the pinions — one a simple dropping or 
lifting of the rack, the other lis sliding on an inclined backing or 
cam ring. The Skinner cliuck is o^ the firat kind. Here a stud 
and nut effect the change. A plain end on the stud fits a hole 
in a cam ring lying on the back of the circular rack ; a flai piece 
Dis and slides in a recess in the back of the chuck> The siud, in 
being moved From one slot to another adjacent, turris the cam 
ring with it, unlit the carn^i or prtijeciioiLs tm the liiick of the ring 
fall into recc^sc.s m the back of iho chuck, and the rack falls out 
i>J gear frcm its pinions. Reversing ihc action throws it into ^lear 
again. In each position a circular nut threaded on the outer 
end of the stud allowii cf the clamping of the rin^' in either 
position. Before throwing the rack into gear with the pinions, 
after the chuck ba.'s been ui^ed independently, the jaws must be 
set true with the outside edge of the shell 

In a combination chuck by the Prall & Whitney Company, 
either set of mechanism is thrown Into operation by pressing a 
thumb catch, on the back of the chuck, and rtjvolvingthi^ ring which 
supports ibe rack. The chuck can be used for eccentric work by 
ptacinij the jaws m the positions required, and then engaging the 
screv pinions with the rank to operate the jawi; slmulEaneuiisly, 
The jftw5 are also reversible. The removal of three screws 
permits the cliuck to be taken apart for cleaning and oiling. 

In ihe Whiton combination chucks (Fig. 215), the circ:ular 
nci is not dropped out of engiigement when airarging for irdc- 
jfcndent jdjustinenis of the jaws. The jaws are instead opemtud 
thrcJiiK^* rntcrmediati: pitrt^ a, lilting; on the scroll at ihe liflck, 
Ali (Iwit *5 necessary when working indcpundenily fs to apply the 
wrench to tbc screws A that move the jaws; and when wlf- 
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centringr lo apply it to one of the scroll pinions throuith ibe hole 
c, which forms a bt-aring for the *ihank of the wrench, and suppum 
the pinion al ih^i end. 

The bodies of the Whilon chucks ^ltc mrid^ as a Eingle solid 
casting, in prtftrrcncc to being built up. In llie larger sijes (if 
the lover scroll chucks a. band of wruught iron is shrunk around 
the front portion (Kig. 3t6, a). 'I he holes d, in the scroll body 
fuf rcceiviii]; ihi^ luvtr, art drilled into deep ljossc% ihe outer rim 
left between the bosses being lighter lh:in conCiiruous solid mcul 
would be. 

In ihc Horion conibination chuck, four ahoes an: moved, by 
thumb nutE up or down inclined planeSi so causing them to &Sof& 
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support lo a loose ring upon which the annular rack is supported, 
ot to fall away into pockets, allowing the ring to drop, 

In the Westcott scroll i:ombination c:huck {Fig. 217), sled 
shoes A arc actuated in combination by the scroll d, carrying with 
Ihem the operating screws c. of the jaws, and the jaws themselves 
also* For independeJit movement, each jaw can be actuated by 
its own screw c, Jn this case there is no need to drnp out of 
iinj?;aj'enitnt, as in Ihi^ geared iluicks. d is a ring which 
retains the scroll in ks recess. A special cranked sparmei rs 
inserted in the holes a, in the back for effecting the self -cent rinfi 
movemenLs. 

One of ihc Whtton i^eared chucks has conntcliun and dis- 
connection made in the following noarni^^r (Fig. 2iS)r^A circuUr 
rack a, is shown in gear with one of its pinions. The inacnion 
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of a squiff key in the hole ('. imparts n single turn Jn either 
direction lo the pinign c. gearing with lecth on the edge of tht: 
cam ririR d. Tht- latter la thu^ mised up on the fixeil cam ring 
("lelnw, or Jrojuied, in which case the projection;^ interlock, 
antl the rack a falls out of cngagtnicnt, so Itaving ihc chuck 
independenL 

It is apiiy ihiit the square necks of the [jinions and scTews stick 
om beyond the body in many ehucks. Firms who have been 
making chucks for a generation f>.is[ should have abolished these 
dangerous excrescences ere now. VU*^' diingL-r lie^ in the shanks 
caiehinf{ in the workef's clothes or fingers, with disastrous results. 
Only some later patterns, like the Whhon, have a ^iqjare recess 
in the eireubr bearing necks of Lhe pinions, ^o that rolhing 
projects be)'ond the edg<; of the bod)'. These recesses are 
varjou^y made in ilie shank of the pinion, or in the pinion body, 





Fig. 218. 



or iti the ends of the screws which operate the jaws, tliesc latter 
screws having holes generally at each end, so that the screws may 
be reversed when the S[|Lare i!i wuin badly, and the fresh end 
uied. 

There are two lypes of bodies used in scroll, and in combira- 
lion chucks, the older, made in Lwo parts, united with six screws, 
one taeh mserled to right and left of each bearing neck, and the 
later. «Tfll in two, but having the ouiiide portion in one with Che 
face, and ihe back portion recessed into this, and screwed, as in 
Fig. Ill and ^15, Tht latter accords best with one's ideas of 
solidity. In ihe formrr, a great deal depends on the screw?, 'Once 
ihe two portions of the body are not checked or reEislercd 
logt-ther with a shoulder. 

In eonsitlering the scroU chucks we have not said anything 
specially about the forms of jaws used, rcsiH^ctin^' which many 
pn>blenis arise- One point should be nniiced^ the wear on the 
^xxncfi at the back or the jawii. 

The didiculiy i^ thai a s-piral with ever-chc^nging radius has to 





engage with jaws having tongire^i and grocives of constanl radius. 
If ihir^ic Fit in ont' place they cnrnoi fit anywhire dsc. Hcncci 
moAn h^ to he Ktruck bv giving a curve oF raihtr quick radium lo 
i\n' muside wJgcs of the longiie^. Looking at n jaw thai has hid 
some service, it i,s sucn that a bt-ftrinj; only is taken along from 
fJOL'-hall" to two-thirds of the curve, and nor al its ends. Thi'* 
d(jt!^ nol appi^ar as ihough fjivontablL- tn dur^tbHity. But here, 
as in other matters, the unlikdy happens, whi:n L-xcellencc of 
maierial, wortniansihip^ fittjnp', and ^are in tt«e s.te combined. 
Good cesc hardening conduct^s lo long life, so does the exclusion 
tif grit from the scroll and jaws, by Lheir comptele enclosjre- 
Anocher [Ki'int \% taking apart al imL^rva.ls, wipirig, and oiling. 
Another, never to overstrain when lightening Ljp — a wtcnch of 
greater length than that supplitsd with the chuck 5;hould noi be 
employed. 

TTie tongue-grooved fitting of jaws to the chuck body, seen 
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htsi in Fi^. 209 and in Fig 213, d, helps the scroll teeth materially 
by rclievini; these cjf much strain due lo leverage. As Ihcsc parts 
are hardened, and have Lirge surfaces, they do not wear much 
Uirouj^hom the life of the chuck. 

In a well made chuck, nothing can move away fiom ihc jJact 
in vvhich it is coerced, and leverages and elasticity are lhu£ 
reduced to a minimum. Ptnionj^ and their bearing n^ks 
r-ircular racks aru snugly i^ncloscd) and jaws arc rigidly coercet 

Fig, 2tq illuKlraiei^ the Sweetland jaw, as used for scroi 
chucks, ibc thread sections being convex \jn boih edges to render_ 
thom revfrfiible in Iht? scroll. 

In thf.' Whicon design the jaw pnrtion is united 10 the 
body with a couple of dovetails (Fig. 120), on which Lhc jaw eanl 
reversed. In the small i&v.-^, this alone suflicuR without screws, m 
ihe largL'r !>i/es, ri ins. and uver, a screw is alsti tmployL-d (Fig. 
2ji), In the small si^os, the jaws have lo be tun out before the 
jaws can be reversed, because the omi^ion of the screws 
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ibc dovclstb should ijc hciuw ilic Tulc of (lie plutc. Ed be 
in pia<:e iideway^. Whvre screws are used, the doveiaiiri 
Dtf kept high up, wdl clt-ar of ihe fact^ of the cbuclc, and Eh*?/ 
hnve not iherefoi*: lo be removed, bm the scrtw is aimpty run 
oui, and rL--Jniericd wht^n tht^ ja* has bi^en reversed. In ihc 
SwcL-iUnd jdw, one bfLidd dovcUifl is employed, and iwo screws 
secure ihe jaw^ to Itieir backing- 
Chucks are attached m their mandrels by me^ns of an inter- 
mediary face plate (Figs, joy, jii, 213). A shallow recess is 
turnc<I Ifuly on the back by the tniinufacturers of the chucks, to 
ivhich this face plate ha^ iher; to be maLched by the cusiomer. 
The fflce plaLe is a plain one^ si;rewcd to Eit the lathe mandrel nose. 
and provided with holes matching thnse in the chuck body, for 
atuehing \\\ti plaie by means of screws. The melbod of fitting 
ic plalc is as follows ;- - 

e face phte i*; fir'^t grt|i]>fd by its disc in the chuck of a 
-cutting lathe, bored, and threaded lo fit the mandrel of the 
lathe in which it is to be used. It is iheii mounted on the latter, 
and the disc ponirn turred up as truly as possible. Any slight 
inaccuracy In ihb atsige of the work will be apparent in the 
fubsequi^t mounting of ihu chuck. The disc of the plate must 
bear across the ijoitom of the chuck recess, and not upon the raised 
shoulder or ledge (sec Fig. 2 1 1 }, which aEfords but a scanty surface. 
The outer diameter of the di!i<' must fit the chuck recess perfectly, 
VLlboui shake, a.% upon ihia depends the concentric running of the 
hiWM, The chuck recess must not be bored or turned out larger. 
fas tampering of this kind will resuU in the introduction of slight 
inaci^^uia^ies in the fumre running ; in fact the chuck makers say 
that ihey are not rcspf^n^^ihle for the truth of chucks which have 
lieen metldled *iih irt thi:^ fashion. When the two are niairhed, 
ihc boles are marked on the plate for the screw hcjlirs, and tapped. 
T"he screws should pass \n without excessive force heing uned, 
which is likely l«) distort the chui;k. Before fiiuilly fascemng the 
two together, cart must be taken that no trace of dirt or grit is 
pr4>fient (^n the contact faces, because this is fatal to .iceuraie 
ninning. 

An alternative mf:?lhc>d of ftltini; which is follu'wed in the ca^e 

old chucks, which have httome a little worn, is as follows :— A 

Opting, or stuJ b l^nt grippeJ in the lathe jaivs and turned up 

The chuck to be mounted is then held on this by closing 
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in :Is j.iws upon ibt stud. A Tace plate, previoiisly turnei^ upon 
its face, and edge is then screwed to the chuck^ leaving its boss. 
and hole to be doi-ie. This operation ia carried on while the 
rhucit is driven by iht smd- It is apparent thai the ukimale 
trulb of the mounting will depend on iho truth of the jaws, and if 
LhL'Se are worn somf^whM, ihe re^ulr *ill nevertheless be as tnje 
as it is possible to j^ct the liiimt. Tbis method of course need not 
be followed in the case of perfectly new chucks, m which thcie is 
no douhi as to the concentricity of jaws, and chuck back. 

ThL' smaller sizes of chucks, chiefly those for drills, arc not 
mounted on face plates, but on shanks, Capered to lit into ^ suit- 
uble hole in the chuck. A lapci also holds the shank in ihcf 
mandrel nose, while a nut scn-es to force out either tapur when 
desired. The objection to this mode of attachment is that 
rods or drjli:^ caniiol be passed tight through tbc mandrel, as J3 
the ca&e vvhtrn a faci2 plate mount i^ employed, but this is of no 
momeni in simple drilling, and must bt- put up with anyhow, 

UrLissfinishcrs' turning standi apart as a class of work distinct 
in the main from that of iron turners. One particular aspect of 
it arises here, in whLt:h questions of chucking arise. 

Iti the first place, some very awkward shapes have to be 
handled repeatedly, such as the parts of cocks, valves of many 
kindst unions^ and such like. If these were gripped by the ordin> 
ary methods of tbree-jaw chucks, faco plales^ and angle plates, fiic, 
the time occupied would he ruinous. What is required in nearly 
all work of this kind is a swift method of gripping — jaws covering 
a wide range of sizes, and in numerous shapes^flai, concave, 
vee'd, and angularj or of irregular forms to correspond with the 
almost infinite variety of pieces to be held. Consequently most 
bnissfinishers' lathes are equipped preferably with two-jaw chucks, 
of iiniplt or of more complex forms, and havicig loose renio\ablc 
jaws fitted in a great number of instances. The common two- 
jaw chucks, with ri^ht and leA-hand screws, are used ex[ensively 
by brassfinisheis, because of the facilities which they aOTonj for 
gripping work of irre(jular and awkward shapes hy their ft 
jaws, of inserted and detachable shapes; and by a single 
mcnt the right and left-hand screws cause both jaws to ^p 
simultaneously. For the great majority of brassfiniehers' pieces 
the property of self-centring is invaluable, though exceptions, of 
course, occur. 
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ob}n:xioii in the ordinary meihods or rhuckirkg wheii 
10 fanss fjitini^ 1(1 quamity is the.- overhang which resuli^ 
'foing work on fhe fare- of ;> phif, instead of ir ihe Jjody of 
iL^hvcL In bome oite^ ihis i^ so great its Icj require the aid of 
!k t*f?ntre in affording support lothe end. In othtTS, where 
rcrhwig is not suffident to require this, iiiiich may he dofU' 
rn ii l>>' a suitable design of chuck. A great point, ihere- 
[h ihc designs of hrcissBnifiheTs' chucks is the diminution of 
ig. And the fitting oT parE^ and adjuncts sci that tht vital 
shall lie as snugly as possible inttrndly. To counteract 
r^rts of the itVi'fhang, which is ofri?n uravoidahly due 
clj to ibc ihapc of the *vork itself, [he mandrel necks of 

tare made larger and lon}^<jr Chan formerly. Not the lea&t 
advirtagcs of the hollow spindle is ibac it compels Ihe 
in of larger necks. 
fivcd (torn the two-jaw chuck is the revoKing-jaw chuck, 
-<Mji I! An example of a very specialised type, used almost cjl- 
l^ivriy by bra^sfinishurs. In thiij a valve ean be faced, bored, 
^^phrendtd nrv one branch ; rotated, reset, and faced and 
^M, a^iJ ihreaded on another hiannh or btanehea. at exact 
nb'hicr othtfr angles with the Jirat. The removnl and insertion cf 
*pi:i(frtt:tj* tht' *euinK in some designs, or the employment of 
gearing in others, and there is no rtsle of inaccuracy, 
Ic of lime involved in setting, for a dividing plate or an 
pUte givc-s the e^act setting, and locks the jaw^ rij^idly. 
I>v ^>iank9 are fitted to any extent, to be cut to suit the »ha|jes 
"^ihcfKidles of any valves 

L^mi^sl c-ises the two jaws at o|iE)osiEc nde^ of the valve are 
JPH But for chucking fot tumint:' end^, one jaw only need be 
^TO Iwaagonal, ihp other being concave, Ihe latier taking a 
flfti'insl the fiphcrioal body. So well designed are these 
ai the pre*ent time that bai( races are embodied in several, 
tiit tJie work to fie turned niund for resetiinj^' wJLhoui 
ili slipping in the jiiws, which is liable lu happen in the 
iU where the grip ha?^ to be looseni^d slightly before the 
l>r turned round, owin^ to the excessive friction against 
'llie bull races relieve this, 
one deiign of chucb^i used by brass1ini<^hers an angle 
c»l with the fuor plaiu and to this false jawts are fitted, 
which the valve body ts damped. This makes a com- 
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paci and ^TifT job, and ncoids the overhang uf iht angle piMtf 
beyond iKl' ed^c of ihc face plale, which often happens when x 
loose nngk' plate is filled^ and keeps the work clear away fr^^ra 
the ffiCf^ place, «n iiniplifymg The clamping. 





The to^lu principle is embodied in a recent chuck, shown in 
Fiys. ^23-337, \\y Mr Charles Taylor^ of Uirmiin^ham Witji 
it, wl^en required, certain movement are embodied by which ihe 
lathe belt is shifted rapidly, and the chuck pulled up by a brake^ 

The chuck 5h(jwn measures 
S^ jr>- in diamclLT, and can 
he aiiachcd to any latbf 
lieiwec-n fij-in, and y 
centres. 

Kig*i. 533-aj6 illust 
the c^^eniial fittings of iht 
chuck bod^ with the toggle 
Ltrra ngemL-iits, but wirhouc 
Ihe belt-shifting device, and Fig. aa? showa the details of ihc 
lever^ -ind ihe fastening lo the lathe bed. Fig, laj !>; a section 
taken vciiically through the chuck, one jaw being oniiiced ; Fig. 
2^3 a face vicv/ ; Fig, 22^ a senion tnLen honiontally, the '^^ 
being omiiied; Fig, 315 shows chi' sliding ring, and Fig. a»6 
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tment of a bndge ur framt? piece whicli contains Ibe screw 
ilwt receiver tht- rcacti'jn thru*;! nf the u%^\i' pin, and hy which 
\Xi ihruit is adjusted' 

In iht^e Figs, a is Ihe chuck hody, hoUed ihrouf^h the bolL*s 
a^ a, to iht face plate, or back plaiL- (i\0[ shown), wbich i^i 
scrcrwcd to ihc mandrel nose , being idtnfical in this respect with 
the fitting of high-clas's chucks generally to pbin Tace jjIbIcs, 
PronsLon js made in the piece \ for the sliding of tlirt jaw bases 
ii,B, by means of the Krooves i>ecn in ihc sectional plnn (Kig 234), 
jnd provision a^so for effecting Ihe thrust of the toggle* c, C, 
through the framing: CJ. which Is screwed to the ring H, shown in 
the dcUil (Fign izt). The thrust of the ball ends of the toggles is 
seer clearly in Hg, ajfl, taking place betwten the slideis or base* 
of iHe ja^s b and the screws K in D. The jaws ihemseWes r, are 
h\se, or lemovable, longued to b, and f:istened by the boll n^ an 
amngement which permits of making soft jaws of any shape to 





Fig' 225- 



Piff, i26. 



suit any kind of job. The jaws, thrust inwnrds throu^ the 
straightening of the toggle pins c,are pushed hack by the prcasure 
of ibe springs tr, t: The screws ^ k, permit of regulating the grip 
of the toggles on jobs of different sizes, sci that delicate work shall 
not be injured' 

The toggles are moved by the sliding of the loose ring H by a 
k'vcr, 01 slider, fitting in the ^oove of n — cthnipate ^*ilh Fig- za;. 
Wcodninr keys (Fig. 221) ensure the rotation of Che ring. The 
iever is hinged in a boss belonging to a casting ihiil is bolted 
to the lathe bed in front of any easting headatock (Fig. iJj). 

Sijdi a chuck as this is capable of taking a good deal of work 
x\\st\ c^nnoi be pui in the ordinary chucks of capstan lathes, the 
itaxKlArd one:> of which are adaptable for bar work, and plain disc 
work chiefly. It resemble? the^e chucks in the fact that the 
rotation of the laihe need njt be stopped to effeirt the Jn$eriion 
and removal of work, iia value lies, therefore, jn articles on 



whif!h rhe amount of work lo he done is so slight ihat ihf (inn! 
saved llirough IclCing llic lathi; run constantly ia worth con 
sidtration. ll is thus omincntly valuable for repeat work ofii 
I'triain dassi, wliile it is adajjied also to nidmarj lathe jobs, h> 
valut, loo, would increase in proportion to the slock of J3wt 
u ecu m all Ted. 

In cases where it mit'lii be desiriiblc to stop the lathe for tac^i 
article — as, say, for the purpose of cheeking tht liulh of the wort 




Fig- 217. 



being lurned — there is a device fitted by means of which x belt 
shifting fork is connected lo the lever that actuates the ohuct 
and which also exercises a braking action to piill il to rest. The 
reverse movement ihm clones the chuck doe« not start the blhc^ 
which is dorc by a separate handle. 

In another valuable chuck by Mr Taylor, for brass limshvrs, 
the pTJnoiple of the indined plane rs embodied. It would Im.^ 
commonly denoted as a c«in motion. This i» illustrated in Figis, 
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r2S->37. TTic Jaws have a very limited dcgrei; of grippir^; 
novem^nt. their inclmaiJon being but two degrees, but by the 
kubsUtuCion of fal&e javv^^, anything; frouk \ in^ to 5 in. in diameter 
:u] be taken, 

ic various views render the conscruction clear. The lever 





■s. 332 and 23^, slid along the slot in the ^upporlin^ bracket, 
Ho&es ihe ja'^'s, whjch open on the reverse movement of the lever 
jmltr the action of springs. Fig. 12R being a p.in seciinnal, 
»rt outside view, Uken vertically. Fig, 229 is u face view ; Fig. 
tjo diows the body, and ont;: ja\v- ; Fig. 231 the sliding ring; Figs. 
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kind JJ3 rhc operating levur; and Figs, a 34 337 a jaw and 
ttuigs. 
In this design, the chuck body a :a attached to any lalhe spindle 
rith an internal, or a; ?;hown, an e.Yiernal thread K (Fi^, 228)^ not 
ixceccding ij ia in diametcT, A skcvc c encircles, and is slid 
n this under the acbon of the lever i> (Figs. 332 and 2^^)^ fitted 
rith «Uder5 t, e, in the groovt of c (Figs. 218 and ajt). The 
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ends of rhe ^rrews r press on studs g (Ffgs. 218, 330, and 73^), 
sunk inlo recesses in ihe hinged jaws (h, h) during the forward 
movement of the sleeve. On its backward movement ihe ends of 
^■, V fall inlo ihe ri^cessts n, ^j, in the jaws, and iht? springs i^ ther 
press the jows outward and release the work. The sloping i:dtie 
of F and c impart a rapid mnvement for opening and dosing 

Imt ihc very slight inciina 
tion of their faces (a") give 
Ji nlowand povrerful grip \i\ 
the jaws- The ball fim^^ 
at the fear end of the lait&r 
afford*) the slight hing«l 
movement necessary. 

To obtain the range in 
dfmenstons lequired, Iwci 
sets of j:iws are used, each 
with loc»se jaw faces d 
dilTcrcnt shapes. The jflw 
seen in the chuck {Fig. jsS) 
iij one form for laking loose 
jaw faces of the shapes in 
Figs. J35 and 236. The 
jaw in rig. 334 J5 the other 
shape for taking the falsL- 
jaw in Fig. 137. The first, 
il will be noticed, arc fitted 
with little studs, and semi- 
drcutar backs to the jaws, 
and they arc fastened with 
one scrtw in each. Tliese 
ore made of soft oietal 
Or hard hieel jaws (Fig. 336) are Tnied vitbout the siuds. The 
first arc cast sohdly, turned, lapped^ and sawn in two, fonning the 
halves of iho jaw*;. The jaw finings (Kig. aj7)i for large worii, 
are screwL-d a^iain^l \\\v feces of the jaws fn Kig, 334, fitting alw 
wilh a semicircular doveiail- 

The chucL can be removed froin ihL- laihe without i^hiflinf 
the lever fttling, iht latter beiiif bollud to the ]>ed by its own 
standard (Kigs. 232 and 233). The mcatts provided fur taking up 
wear in the riny will be noted in Hg. 329. 
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An uJvAfiui^ o( Mtch A chuck^ apart from the rapidity wirb 
«nrh work an l>f grijiped aud rfflea^td^ ib i[s TOon*iness bebiiid 
Ac )*ifi (sei^ Fig. jj8). It etiobics many itmoll caslingu to bv 
Wd bj' A neck faciiiy ouiw.nfds, leaving the body poftioM in the 
taioui i>r the my. Such wurk pul m cuiniuan juw chucks would 
^c moit troublesome to hold- 

T . 1 ,r fbss of brassfmisher.'*" worlc which is l>eld for 
_ u^ means of the threads that arc cut on internal 
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tig. ^35. 



uvfJtutnaT pun ions. A Iflrgv number of pieces are threarfed firsi, 
'■' ' 1 run ovcra screw held in a chuck, or more solidly with 
■ huck, and ^^ Turned in nipid succession, ^uch work 
.ilmfisi M\\ pieces ttiat are bhori dt of very muderatt 
^' ' oly, 4^ MTewed ^^LuRing boxea nnd glands^ nut?>of all kinds, 
^tf\ inik1i?d-head ^^crevs and so forth. In the turret lathe there 
III filtjn|;s fur securing wurk oftUi.skiad in die spindlc-cnd. 
.^ numbvrs of iJiece* are turned from bar, cut off, and 
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:icd -each piece ^e|fflrati:ly — ur lurnud and cut off frum u 

'oci{ tur, pa»ed through a hollow ^pirdle^ with the wire feed of the 

apBttn Uihc. The chuck^ in the bicci case arc uauiilly of the 

k or t^ollei ijpv, and th<;ir essential operating mechanism 

■ inxl ir ihr Ulhc, aiid fcirni!^ Lin integral purtToa of \\^ the 

™iltis Of bushingii being cliiin^;cd to suit pieces of different 

..^ir. ' r^ The^ lie outside the ordinary groups of diucks for 

fvhirh wc huvc been Lon«dering. The turret laEhe 

'Uiru ;,i:iiinly in liTJisfmiah^s' shops, bcc-nwc the grnu]Fr; uf tooK 
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Kdd in ttie lurrel permit (iflbe performance of several openii 
in regular roiotion, on similar pieces chucked successively, 
Ehe tendency now U to transfer much of the work of looUng 
caatings of fair srj:e frtnii the coniTiJOn lallics 10 the turret lather 

;\'hicti ag:iin is having Sl roodjhm^ 

influence on the forms of diucls, 

and will continue to do so for 

I'T^Z^^ '^i^^^ indefinile period Lo come. 

Fig. ^38. Drill chucks form a laryt class," 

A simple type is shown in Kig. 

33S. Here three springy jaws formed by the splitting of a 

cylinder are lighlt^ned or slaekenL^ by the lutJiing of the nut A, 

hexagonal in shape outside. The capacity of such a cbuck^b 
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liniiled, ranging only -wilhin an eighth of an inch, but is ncver^ 
theless a useful and cheap form. 

A form of chuck for drills and wire which is ^iniplt, and 
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cheap is that in Kig, 139. It comprises the body a, which sercw* 
on the mandrel nose, and iolo which shouldered bushes u dtt 
inserted, hnving holes drilled in them lo suit the dze of rod to be 
held. The drill is clamped by (he set strew which passes ihroi 
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1 cat-away poriion of Ihe buah— sec Ihe end section — and so 
presses upon ihe drill. Each differently bored bush fits inief- 
rhingrably in the body a, so dial atiy oiit^ may be inserted, and 
the whole clamped firmly by the screw c. 

Fig. 540 shows (be Whiton drill chuck. The movemenr of 
ihc outer knurled portion adjusts the jaws by the tapi^t thread, 
Ihc jaws being coerced in tapered grooves. 

Fig- 241 shows a good chuck— the Westcotl, with side 
^(Jlling screws, the purpose of which is to furnish an extra grip 
on the work after it has been centred. The self-centring device 
is provided by ihe screw A, which is Ji single screw p^issing dirough 
the body, and threaded right, end left-handed at opposite ends. 
The jaws b, b, are moved by segmental threads cut in one side 
tu suit the threads on a, a, similarly, on Ihe s^me principle as 
Mwne of those of concentric jaw chucks. When the work is 





gripped centrally, the side screws c, C, arc brought up to lighten 
H al right anj^les with the jaws. 

Hg, 242 illustrates the later modtl of the Sktnner drill chuck. 
It comprises the body a. the three jaws b, the knurled nut c, 
turned by hand, or wiih a spanner, and the cap u, attached 10 
the body wiih thrte screws. The direaded nut actuates the jaws 
concentrically inwards, or oulwards. It can be taken apart by 
removing the screws jm ihe rap, and turtirng the nut, and so 
rurning the jaws out. In putring the chuck tupethcr, it is 
ntc<:ssary to see that the number of each jaw corresponds with 
that of its :ilaL in tlii: chuck Ijody- 

Anothcr drill chuck, the Union *'Ciar" (Kig. 343), comprises 
iKtdy -v jaws \\ jnd tnuried nut c. But it differs from ocher 
fi«m* in huvint; buttress threads, and in Ijciriy dust-proijf, the 
nn^ wilhm the nut being encased^ and covered by the cap. 

N 
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U, BORLSrc, AMD AlUEJ) OpfiHATlOTTS. 

lotenul and t^]iii:fnal Cuiikit^ -Drillirig anJ Ui^rii^ — ■ 
Bllkc—Drilh held in a Chutk — F«dinfi WorL by Loose 
: plaits— Fecilint U/ill l»y house l^piii-tl— The FUl BiL 
>lvpnJiy in Kuniii— It* Vain; — Mcihcn.1 uf U^c-Buiirm 
Liriti^ m the La[ht — Koughing-uul^Hiiring Holes of 
- Boriuy Ti^tJt uti Slklc Ken—Kxamplijs "f— AfnuTioin 
: Rcdftict— iJufiiif; ^ilb lljiTi Wlwccn Ccnties— Small 
rUHirri— Vji(JBlJ"Ba in FurlH* uf CtiUcri — KoU|;hin^ and 
i^oUi>Jk tit I'j-vcd Diain<tcra— W'cdciiig— Ctiilrini; — 
—DlrticulliM '>r Ikirinj;— Kffprts nl SpriiiE — (ivelh.lng— 
iiUlfi^LiiitEl In ilic *>izi of Slijircd Hary— Bcf ing lltadt^ 
Hers — MtUxaJs of biiawl>'ii4; Eflrsaiicl 1 J dad^— Wedging 
rcwi— Mmk.ing — vVilcruiivt Meiho£l> uf Fijiing— Ujad- 
t.f*A htmag licwh — Burin^ X3ai> niLb Travcnmg Hcad^ — 
lodn of Driving — KpicyrJii:. -lacl DilTeri^n^iB] Grars— Ftedb 
^ Madiinc-^F.icing Ami* — la SIliiipJ Bits— For Baritlj; 
I Iiii^jfLU'iicd -TuiiKiig UiiUicl& lA Flaj^fA — Taper Bor- 
nt front H}U\< lv«t— With Hon lwlw«t) Ceouet— The 
ipct IkfimK b]A|jUmed— Design* of Bnr Uacd— Bodng 
gfc — Uoijng l*ie>— Cunu rjalt— liiiitrJ lluldcr — Scl 
Ml— Ornu-icig. 

not »o simple a matter as luming- It is com- 
y iJie roughntss and (jcainmrity of cored Jmles^ 
Tig, ti>' iht fdCL [hi»L racing has KccurraJly lo be 
;ly to the bort* and lliui *^xti!fnar |Mris, such u 
[i>, ajid somttinie^ h*idy parts, mtist l>e lumtd 
I ihc Liuri:. 
MJty in deep Utring li Ibai du^: u» ^inirig uf ih<? 
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Fig. 344^ 



The doss of chucks terniud sl<\> chucke, of which Fig, 144 
is an example, are used for facing shallow pieces of washer-!ike 
form. They comprise llie chuck proper A, and ihi; closer h. 
The chuck is drawn back against t^c 
hevd of ihc rloser by a linnd wheel jT 
the rear end of ihe spindle, and auached 
at Ihe front to Ihe screwed tail a of A. 
I'hc l:ipcr h is grauiid 10 fit s. hulc in 
the spindle, 50 that the cloEers lot 
different siie step chucks ^'iU all 
interchange. 

Fig- 345 shows a Form of nut facing 
chuck which is handy when large 
numbers of nuts have to be faced. It embodies the provisiwi 
of a concave washer, which accommodates ilseif 10 the nut which 
Ls hctdi and so alluws the latter to fit accurately ou ihc thrca1J^ 
irrespective of Ihe squareneaa or otherwise of ila faecs with Ibe 
thread. The chuck compriiies a body, 
screwed upon the lathe mandrel, carr>'ing 
a mandrel upon which Ihe nutfi are run 
loosely. This mandrel is hehl in with a 
collar, which serves lo draw up the nutri 
tightly against ihe concaved washer shown. 
When ihi? cottar is driven backwartls, Ihe 
spring seen pushes back the mandrel, and so instantly rcl^a^ 
the nui, without the trnuhltr of unscrewing it with a spanner. For 
different si^ed nuu^ other mandrels are inserted in the body- 
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CHAPTER Xni. 

DiULLINOf BORTNC, AKU AU.lKt> OPKRATtONS. 

liffvicaecs turiwircn [nEtmal an«] KsEcrru! Culling; -DtUIlti^' aihl l}c>rili£— 
^^^riTlins in thi: Idihe^I>n]]3 hctJ in a Chuck -Kceding Wurli Ijy honic 

^^tThe IMik— UivCTSiry in Farina— Tu Value — Mdhoil nf Use — Boring 
Cnne Pottt— Bunng m Ihe Ijilhe — kuughm|;-t*ii[— Briring lIol« of 
Loralc Dcptli -Bt^rmi; Tomtit an Sliili: KnI — tlxanplc-^i'f--AmcTicmi 
r^al— Tht Kcorn«i — Ikffixifi with Bju^ bciwccn Ccntics— Sitiall 
Ek ^-iLtci] for Ctilitis— VwiaLiuni in ^(jniii ijf CTmcrs — Kvpinjliijij; and 
ilihine— The ijuuaiion vi Y\\kA UiaiiicCCfS— WudpnE— Ci^nTrini; — 
iiiii), rh.ti£rL^i— DJfBcirLlis of ISorin]" — t-fttCTs tA Spring— Uvprhanfi — 
4 Ad|^L?'> — Challer— Limit tv tbe Sue or ^li^tcd bdrE— Uofiag Jlcndf 
S'unibcr iif Cuifcr^ — iMi^lh^xla of S(cadyiii|^ Burs on J l-lenda — WcdEiut! 
tlrii— S*:[ Scicws — MikkJng — Ahcriwiivc McihijJi uf Fiving — Disad- 
itBgc uf ibc Fiiei3 Buring Hcada-'BurlnK Bars with Tfiivcrsing Hcids— 
iign rtf— Moih»ds of Diiving — Kpicyclfc, nrr) DifJi-Ttniial Gnn — FhiIi 
LijIinHflT Bonng Macliine — Facing Annt^In Slollffl Bjui— For Uotin^ 
-Slidt: Rest I mproviicd— Turning Ouuid^ dF Flor^i-^— Tjiptr Bor- 
[ — Short Taperi from Slidt iital— With Bbk bclwcen Centres— The 
EiUnliiLLs f"' Taper borini; Eiplaincil — DcM^ii^ uf iSar UsliI — Bimn^ 
Dmrai-r Sealing— boring kigt— Cunc CLaic— Hinged H older— Si-i 
^rc w« — Lining' nu l — C^ntrLng. 

BORING is not so simple & matier as turning, IL is cam- 
Ijlifiilcd by the roughness and ecctntncil> of cured holes, 
hy ovetlian^, by ihe fact ihat facing tijs genutally lu be 
lorte tally relatively to the bori:, ^nd timt external {^its, such a^ 
he edge,') of n^ngts, n^nd sDmc'limes body ports, mu^l be turned 
^jnctiiirically with the bure. 

The great dillicuJty in deep buring b that <iu^ tu spring uf thi; 
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toob. This affecu the tools operated fiom the slide rest, ud 
those also m ^niaJl boring bars. 

In the first i"ai>e, Tii^ting (irodiiL-es tai^crtd liolei^, instead d 
parallel ones 3 in the a<.-cond, the errors are magnified or minitnisi^ 
by tht; arrangements of Ihe cutters, but the holes are not Lipered 
hole^, but thi:fie of variable shapes. 

When a tool is carried by the slide rest, even though the align- 
nient of the rest and head 1*4 perfcrt. and ill slack in the slides & 
taken up. yet the spring in the tool will produce error of a tind 
depending on its shape, the degree of pressure exerciKedi ttie 
method of feeding, and the condition of the edge of the tool. All 
these evils would be minitnised if turning were being done ivith 
the tool iiupported clo^t up to the work, 

A ^harp [ool will spring less than a dull one, and thereforeu 
a. tool gets dull it becomes forced outwardE, penetrating k'ss, and 
the hole made is not so large as that which would be produced 
if it were sharper. So that in bcring deeply under these eundi' 
Eions^ the further end of the hole will measure less than the front. 
These evils will be magnified by [he presence of hard scale. A^hirJi 
is a suElicient reason for takifij;: a deep roughing cut^ and finishing 
with a light one. ll is also better to feed outwards on the liuish' 
ing cut, as that will have the result of neutralising the effects nf 
the roughing cut ; for if ihc roughing tool newly sharpened stirt& 
ihuSj ii will cut more dttply in the inner i^nd, and less dec^ply u 
it loses il& edge \r\ approaching the front. 

Though the KamL' general rules as lo tool angles apply to 
boring as to turning, yet ihe tools aru more sensitive to ■^lighl 
variations in angle and height than those used for turning aic 
ihe reason is largely to be explained by overfiang, which cause 
spring, chatter, and risk of dlggrng-in, bui tl is alsj partly dwv in 
small holes to the difference between the lools meeting a conravc 
and convex surface. 

With regard to overhang, Ics* lop rake can litr tolerated m 
boring than in turning. Provided a tool is well supported closf 
lip to the rest, a large amount of top rake can be retained on 
tools turning cast iron and even gun-metal. But iji boring wilh 
overlianging b^xx^j the lop rake must be moderali.' in amount only, 
and for brass it should be rather negative in amount. 

The shapes of the tool points are varied in keenness of puim, ^ 
a well rounded nose, and in flattening. A well-rounded nos« i£ The 



DRIU.r.VG AND BORING. 



T97 



ksi on ihc whole for general service, beint; suitablt- for Toughing 

nd (inishing thoroughfare holes, or holes coucavt* at tho bouom. 

Many flai cuners liavc no \u\\ rake, so iliai iln^y only act a^i 

mt|»es^ But from lo' tii 15' of top rakt? ia a. suitable amount 10 

pve» if Ihf point is will 'iupporled, anJ Itiis will <:ervt' rhr oast iron 

jnd tough bnus, for Eiled of usual grades, and for wrought iroii# 

Ibout 5' i»r front rake at lea.st rou^t be given also. 

' Chatter i^ int-vitahle in flim.sy boring bjrs. hence big bort:s 

bust be dfjnc wilh very stiff bars, preferably of cast iron of several 

tches in diameter. The evil \$, greater m bars with fixed cutters, 
fixed heads i" which casi- the work must travt^rse, limn it is in 
hrs with Itaveraing heads. The reason is that \r\ the first case 
he bar musl bt twice as long as ihe bore, while In thf second it 
jced be only a trifle longer, 

J In boring small holesi and Lhoae of medium dimensions, ihe 
biglf tool, tool i;oinl, or slotted tool kir is the proper thing to 
tc- Uut these arc either wasteful of time or impracticable when 
and deep holes or long bores are aciempied- The proper 
y,-theti, js to multiply the crutier-S which inirodaci^a ihe boring 
in place of the single tool» or of the slotted bar with cutters. 
ere we are on rhe threshold of a large numlier of devices which 
lay a moM inipoiiani part in the turnery, 

j Boring cannoi be performed so expeditiously as drilling and 
iming- The cau^se lies chiefly in the vibration of the boring 
\r%. The forms of the cutlers arc not favourabie to heavy 
nciiniti ^"^ ^'^ !imaller the bore the le^s favourable is the aTiji;le 
jlhich che work makes wilh the l(.>p face nf the tool, to heavy 
tting- Fnr th«se reasons boring is always done at slower 
ihan turning, usually at half» or a little more than half 
tatter. 

The number of cuts which will be taken during the boring 
a job depends partly on the quantity of mf^nd which has to he 
moved, panly on the Ucgrct- of finish required. It is seldom 
U one cut iR sufficient, two are generally laken, three in the he^l 
lf_ A single cut Thr<iugh^ihai is supposing a singk- roughing 
cr only ii* used — \% only gfxxl enough for the fitting of liners, 
rwi for sliding contact, as (hat of a plunger or piston. For 
latter theit mu^i: be a roughini; cut, and then a finishing cut- 
rly the »me result can be secured, though not perhaps so 
iably. by using a finishmg cutter following Jtfter the roughing, in 
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ihe same Ijar Bm that h not the u^iual method. The be« |ibn 



lake the 



of ihc bdi. 




eparatc traverses 
The differences in Ihc diameterii of holes, smaller and 
l:irger, mate deman<is of a difTereni kind on ihc loni^, .irnl 
ap^jliancts used. Gical diRcrcncts otcur l>clwccn pallid iind 
tapered holes, betVp-^en shallow and deep ones. Boring, Ihtft- 
foTc, is regarded as one of the l<^sl satisfactory sections of btbc 
work, and many and varied have been the loob and appliance 
and ngs-up devisod foT this work. 

Drilling and boring arc properly regarded as distinct clasK) 
of operation!!, dfiUing taking plicc 
Through solid metal, boring being an 
enlarging operation. Reaming i^ thus 
a section of boring work» its value con- 
si&litig in the reciificaiJon of sligM 
errors in the longitudinal direetton^ duf 
to inaccurate drilling or rough borinj, 
/ in the fine linisb left, and in ibe tJofl 
sizing of the holes in a lar^e number 
of simihr pieces. If boring and tlrilt 
ing could be done wiib perfect accu 
racy there would be no need for ihe 
reamer In no case does it n^moic 
much material. 

Drilbng h frequently done in tbc 
bithe in preference to sendli^ a 
tiirrit^r's job lo the drilling macbine. 
The drills are hdd and operated eithcf 
from the loose poppet, the work T^ 
tfolvmy, or thtj' are beld in a chuck, the work remaining siationoTf, 
nrillijig done thus is either of a rough, or of a fine characier. 

DrilU held in a chuck tire the tsvist drills, or the st:&i[;h[ 
shank drills, or the common ftat drills with angular ends. In 
ihia case the work has to be fed towards the drilh inoneoftvo 
ways, either by the loo^c poppet, or by the slide rc^n 

When work is fed by the loose poppet, it may be held Ip 
the hand^ against a support ^hich is attached to the spindko' 
the poppet. I her^e are made in various ^hape.'i, ordinary 
special 

A common article \a a face plate bored stnoothly to 
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on over I ht" nose of i he mandrel (Fig. 146), and iliis luccivijs 
he pre^-iUTe *if drillinj^, the work being held igainM Jl hy ihe 
>ands, or bolted upon it. As holes ki be dtilled iiTe centred. 
ind frequenily centre, popped also, the dnil is ael in this way; 
uwi once si;iried, orn.' hand teep* the work from shifiini;, while 
:Ue olher fet-ds up (he popput hand wheel. If ihc a:r:iir> is 
tevere, Ihe hand may be relie^'ed by boltinj; an anglu plate on 
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ibe drilling plate, and so Lukiiig the twisLJng efTorl ufrhe drilling; 
OE the work may be bolted on ihc an^lL' pble : or special piatca 
may be case for fept-ai work, having strips or recesses to hold 
tbe work being diillcd. Angular jobs may also be supportE^d 
correclly by a special plaie^ or by an nn^le sirip bolted to the 
ordmary plaie- A reuess must be tlrilled in the centre of the 
plaie to allow the drill point lo pass clear ihrout-h iht work. 
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Smjjller drilling plates are fait^ by ta.per shanks to the spindle 
hole in place of ihe centre. These are suitable for flat pieces 
only, Ifbole!; have to be drilled in circular jiiects, vee blocVs 
must lit laid on the plate — a rather awkward method— or a 
ipecial block may be made (Kig. J47)- Two sizes of vees can 
1» made in ont hlock, ai right angles, and each will take a 

E' le mn^e of sizesn Blocks can be cut lo fln angle for 
V 
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When the driU is fed by the loose poppsi, tht wort *nll \.v 
hdd on the facif plaie, with <]r n tilioui the iiid af an angle fUu. 
or in a chuck. Long, slender pieces must often be suppottttl 
from the cone plate (Fig- 148), 

Another way to hold work is Lo make a special fitting {Y'%. 
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349) lo go on the lool plate of the slide rest to be clamped down 
by the studs of the latter. Such a de\'ice will pariakc of all 
the movements of the resi, transveree, traverse, and swhtl 
Two split lugs on ihe block receive a rod, on the inner end 

of which a nosi; is threaded lo 
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^ match the mandrel nose to re- 

ceive the iaihe chucks, prindpetly 
the face plates. On the latter, 
work can be boiled, and by utUiS' 
m^ the movements of tht? rest, 
holes can be drilled in nrcles, 
in parallel Imcs, around cdgeSv 
or at angks. Such a device i^ 
more valuable in a small shop 
than in a large one, while for amateurE it is invaluable. ^^ 

The flat drill, or flac bit (Fig, 150) is commonly used ^H 
roughing out cored holes preparatory lo finish-boring, wherc tS^^ 
hard skin, and sand would ruin tivisi drillh Thesf tools *« 
easily regmund, and jierm.i nonce of dimensions is of less im- 



ponance in their case than in that of high-class tools used 
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■finishing holes lo size. The operations or toughing^ and finishing, 
or "sizing" holes arc kept distinct in modcrii {^lactice tn an 
CTieni vhich was not formeTly done, bol^l in common lalhe ftnd 
nirrct praciice, and in dnllmg and IjoHng machines. 

The flai drill Ja often used for roughing and finishing in the 
practice of the ordmary shop, where the work has to be put on 
a mandreT for sjbset^uent 
turning, but it cannot be r ^ r ~ } 



trusted to produce holes per- 
fectly concentric with outside I'lg_ j^j, 
pails held merely in a dog 

chuck- The reason i*: that the drill is liable co wobble and 
follow the rough holes, simply because ir does not fill thena up 
all round. 

The drill being centred on, and fed forward hy the spindle 
of the loose poppet, has to be prevented from turning under 
ihc prcsstjre oF the cut. A hook is therefore used (Fig. 351), 
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fnadc of d.ii bar, henl round, Wm^ allmved to rest against ihe 
lathe bed cjr held in the luind. Or a sloiied rest is boltod In 
Ihc slide rest, or in a let real {Trg. 251), the tail or shank U-ing 
mftde to ^uii any bihe. 

In the larser si^es, the flat bits are frequently made as cutters 
pinched in a slotted square bar (Fig, 253), 

Jhc nnly way to make a flat drill work Jruly is to pack i( up 
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rtuii ^'uod lij nuke iL Till llji hole, rifjs. ^^4 ;vnd J55 ^hnmt 
altcmatjvif farms. Even then the bore should be roughed quI 
leaving a slighl amuunt only to be rtnioved with ihe wood-lii 
tool, in ordi^r tn finish merely. The wood wrars iwny mih* 
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rapidly, bvit it caa bi; [tacked out with paper Co compensate for 
wear. These wood-packed drilb arc not used in the shopB w 
much as formerly, the D-bir bein^ preferable. 

The latter occurs in varioi^a nioditied forms— solid, and wiLh 
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inserted cutters. Two ate shown in Y\^, 256, ^57, and 158. the 
first solid, with top rate for forged metals and cast iron, tht 
others with an Inserted cutter without lop rake for bniss anJ 
jiuiimcul, but aUo iised for forged metils. In each case tbt 
cutting edge extends right Cfj the rentre. The loosi' ruiier^ 





Fig, 336. 



arc filled to the larger bits, portly to economise steel, which 
is expensive, and panly to render grinding easier Ont? way of 
fastening the cutler is as in Fig. 258^ in which it fita Inio a recess 
in Eh<: solid, which helps to steady it. As the outside rubs away, 
the cutter ran he jiackcd oul with strips of piptr_ At ihc n 
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"(id, also^ paper can be inserli'd when the lip becomes worn down 
Xii \\\c body. 

\Vhcn the lip of the cutter ho^ lop rake imiiarted, as in Figt 
356, the take w «oon lost bj' Tujjrinding. GeneTally Ihe hnlf- 
round of ihc body is not carrietl along tbu- wliolt Iciiglli of the 
tooif but ii ^boulder is formed, with a smaller diamecer behind, 
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a« ^hnwrn, nnd (he latter may be f^f any leni^th up to f\ ft. or 
8 Tl. or more. 

'll^re are several ways of making these bits* T^le smallest 
ones are made from sobd tool steel, shank :tnd all. buL in Ihe 
Urgcr, lonK'.'r ono, tool sleet 1^ only usi:d for the cutting porlion, 
and trdded ;o the shank, of common biif vitrei <^r wrought iron, 
II is m^ct^ss^ry to have the oucaide of the bit ^roiiiid truly to Ht 
ihc bore of the holct aa on (his it^ guidanre 
depends. A* bit^ mcreast in Itngih, the lor- 
sitfiul sirtiss oi boiiny fjecomes severe, so That 
it IS npces!iiry lo fted very finely, but speed can 
\)ti m^Htairtd by usin^ alumJaiii lubritatiun. 

The D-bit i* used both for boring through 
the soh'd like a drill, and for enlarging ti 
roui^hly cored, or bored hole. It !h made 
up to 6 in. or mori? in diameter, but from a in, to 4 in. arc 
its more usual si^es. Tliough it cannot Ix.' d^jxrnded on ro 
fiXMXi n hole (Q sizct it will continue one air<:^dy al^irted. The 
great vulue of the tool lies in its lon^ntudinal accuracy, whieh 
renders it much more useful for very long than for short ho[t^. 
Only iwo things uru essential to its successful operation : to start 
ii fairly, and then to lubrieate its no^ie nbund-tntly. The con- 
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stru<:lion of tbe Itjol, wliclhcr solid or wilh iiisertctl cuHcra. an 
the manner in *hioli tht' culters shall be fitted, are inoncis of 
detail which do not a.rTect [he main design or llie bigh valic 
of ihc bjt When started truly, only one thing will cause \\ 
to dii'erge from truth, namely, ihe open, spongj' spots whicli 
occur in tbt' interior of somt^ forcings. Sometimes these breal 
the lip of ibc bit, but not often, unless loo high a sp;;ed, or too 
coarse a feed is put on. 

It does not matter whether Lhe tutting face of the bit is sei 
upwards, or downwards. In the latter position the cutlingE f*Il' 
away. But in deep boring, lubricant must be pumped into ihr 
hole, not only for cooling, but under sufficj'uU pressure to drive 
the chips out; and these will then be discharged, whether die 
face is uppermosr or lowermost. 

By turning a very long job, say ten or a dozen feet in Icn 
end for end, holes ean be bored from each end, meeting in 
centre, with but minute variations ihcrt^ say ^^ \ii. or cv 
less. 1 have seen many steel crane posts (Fig- ^59) bored 
this way. 

In boring these, one end is gripped In the jaw chuck, the 
other in a steady which is usually fitted with hard wood l:>loe|Uf 
one ^et of which is cut out lo fit the top prn a of (he post, anoih«^H 
on rechucking, Lo fit one of the bells h, as these posis aq| 
jjenerally rechucked and bored from both ends in turn, the hole 
meeting in lhe middle. Provision for lubrication com[jrJ-Sea a^ 
lube carried along the shank of the bit, through which soap anij^^ 
water, or oil are pumped to discharge at the nose of the bit 
Being long and heavy, [he vidghi of the bit away from the work 
\^ supported on packing, I'hc feeding of the bit is from U 
spindle of thL^ Iooiil- poppet, which is fitted with a convenieH 
arrangement for turning the wheel (Fig, 260)- The hand-wht 
boKR is embraced by a clip^ with lu^s to receive the lever 
which pivi.rts on ;l bolt [massing through the lugs. A boss in 
lever receives a set screw, which, being pressed l>y the lev 
against ore of the arms of the hand-wheel, turns the latter roai 
and feeds the screw. As each arm Iri moved, the lever a is swim| 
out sideways, lifted upwards, swung inwards apain, and pressed 
down^ giving a more regular feed, in a less tiring manner than 
would be produced by turning the hand wheel direct, A wlf' 
acting feed may lie arranged also to feed the poppet screw 
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nuousty. After the hole is L>ur^^ the recesses for tht! tiKiss 
bushtrs i Fig, 559) are doni'- 

The amount of boring done in the lathi: is \CTy consrderablf, 
4Tid its range i^ extensive. Though the boring machine and the 
k^enical boring mill have ajipropriaied a i^oocl deal that wiis once 
dfine in ihe lathe. Ihcy cannot absorb any prepondLTatin^ aniounl 
in Ihp gentjnl shop. The chkf utilities of the first Iil' in the 
boring of cylinders and liners of all kinds — 'lcng» :ihart, large, and 
1 i^nmLl — and unwieldy and awkward cast- 

L 6^ 1^ "^^^ ^^ various kinds whirh cannot be 

^^ft ^ w swung round on a jjlatc ; that of the 

^^B A W—M second in boring hc>k's of moderate 
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dvpth, both of Iwgc and small diameter, a good quantity of the 
laiier bt^fng preparatory to lathe xs'ork done on a mandrel. 

Boring in iKl- lathe, therefore^ though of less rekilive import- 
ance now Lhaii fortncrly, occupies yet J. vi^ry lar^je section of the 
work of the turnery. It is so handy to be able to carry a job 
right through on ore laihe, by a single skilled workman, thai this 
more than balances the jdvanLaj^es of the Imrin^ niiirhtne t^T the 
bofir^ mill in the general run of wort. When work h bored on 
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the [djH or ui lJic Ujiiij^ uiacLinc and tra-nsferred to the laihc 
accuracy is ensured by mounting il on a mandrel and (uming it- 
Bui IheTe i^ fl \ox of work thai ratinot be irt-flied thus, liecausc h 
Is not suitable for mandrels. The lurncj is abk- in numerous 
jobs to do the boring just as well as it cai^ be dcni: elsewhere, 
Oftetif howtver, It is a matter uf absolute iiidi^crenct whelhcra 
job goes on Iht horiEontal or on iht vertical Inlhi. 
With regard to the preparation of a hole few 
boring, it would be always Letter, if time pcrmitled, 
Lo take a rough cut through a cored hole, U9flg 
i:ool<; 'ihaped with round-nosed points for roughing 
;ind not Lo attempt euy finish it this imverac The 
ca.^e LE analogous to outside turning, In which ) 
more ijoinled tool precedes the flai-nosed ore. 
Rut there is really more rea.ion why the bulk of 
mfllerial should be removed by purely roughing 
lools Hhen boring than in luruing, Ixvause in big 
bori^B more tools are usually in simultaneous action ! 
in the first than in the second ; more strain is in 
consi^:|U^;nce thrown on the work, with greattr risk 
of temporary dislorljon occurrnig. I rtnitniler 
seeinj,' the brivs Iwdy of a [miii(» twisied and siHjtld 
by the stress of borrng with a head of Jlat cuttcn 
in the attempt to run it through in one traverse 
instead of two, the allowance for baring bcif^H 
\tyo gttat, ^1 

The facing of ends Jind flan;?;eSf wht'n the wurk 
is a hKture, must be done with u facing head- 
Only in small work can it b« done more econo- 
mically by putting the bortr on a mandrel- 
Speaking generally, the facing head is indi^ 
pensable for this work, a>i it is for the turning of 
the edges uf flanges. Bui when an outside portion 
of ihf body IE turned, Ihis must generally be done 
i>ik a riKiTidr«.l, i>r aht- it must be done Ix^fori.- tjoring and ihe pi«^H 
chucked by that for boring- ^H 

Holes may bu jjrouped under two heads —blind and thorough' 
fare. The loots suitable fur une are ni>l always adapted for ihi; 
i>theT. Or holeii may be tlassi^d as Jihallow and dcLp. and hcii: 
again the same clasai of toolb wouM not be iiuitable fo 
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ThiTTc IS [hcri-'fart a great rLin^e ir the tools used \w boriig 
O|)erations, and aho in tht appliances. Deep boring requires 
suppoit 10 the work, or lo iht; lools, or lo bodi i ojily in 
comparatively shallow work can these be dispensed with. 

Many (jf ihe nrdinary shallow hok-s ;tnd rectsses ihat occur 
arc bored With iht turning Itxih which arc used for outside work, 
selecting left-hand cranked tools preferably to straightforward 
ones. To nlilist ilie latter jiruperly they liave to 
be set at a considerable angle in the slide rest, a 
position which interferes with the boring of small 
holes. Shallow holes are belter liorcd in the lathe 
with a common roughing lool, cranked to cut on 
the left hand (Figs, 261 or ^tii\ which is better 
than setting a striiighlfonvarJ tool at an angle* as 
jus( mentioned. If cutting has to bf done into a 
keen anj;le, the hole i^ot being a ihurou^hfarc one, 
or eoncavcfll the end, the tog] must have a pointed 
end as in Fig. 363. 

The litint lo the employment of tools of this kind 
IS the amount \g which they can be overhung from the slide rest. 
Regular liofint; tools ;tre made with longer shanks ih:in thuse for 
turning, to permit xA oveHiany- Frequently they are drawn down 
from the square into a circular and lapertd form, towards the 
point (Fig. Jfi^). Several such tools of dilTererit sixes accumulate 
about most lathes, These can be set slrai^'htforward in the slide 
resL The lip either stands at right angles with the ahanlt, or it is 
SCI at an obtuse angle lo bring ihtr cuittng in line with the aais of 
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point, where the tool singles are correct. Holus are both 
njught-'d and finiihed Aiih such a tool ; or LhL7 are finished with 
one of identical foni], hut having a broader edge. 

The valve statings in the safety valve shell (l^ig. 365), can be 
JKircd by either of the tools shown, and at the same settings the 
dange faccA will be tiimedT and at ool^ uf tlieni the screwed nowie 
for the banijfi of fhe icjrk-up valve. Such a casing i^ held on the 
face pUtc by means of dogs or clamps. 
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Limits lo lilt citiployircnl of llicsc tools conic in •Hi' 
increasing dt^pth uf hole, due ig iheir overh:ing. The tfrae 
lype as Fig, 364 is retaini-d, howL^vcr, for deeji holes, either 







inakinf^ ifit? looJ shark very massive, or, more economically, by 
filling ii loose lool point in a itifT W of common iron ot atccJ 
(Fig. 266), or having the end bossL-d out (Fig. ^67}- By ibifi, 

n 
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simple, cvi:ii if apparently sonic-what clumsy duvice, holes 
Ti!giiLarLy bored up to about 50 tn. deep^ IL is tio( (|uitc w 
reliable and accurace as a boring liar hfld btLwcen cenirts, duf 
to the spring of ihc; bai, and the cJTccIji of slighl 
warn of truth in tht alignment of ordinary lalhcs* 
but it sciAcs for a good deal of ordinary workn 
such Qi' the en^mu ^\j,\6t:s in Kig. j68. Thcs. 
ate cliimped on the face plaic^ and bored ihui 
with ii sini;lL: tutki. Tliu hai ha,^ (hi: advantage 
that roughing and Jinishin^ [ools, or tools with 
any special shaptf, t::in be rapidly initnhanyt'd niihoui cruuUIr^ 
to lake the bar out uf the slide resl. 

The square tool is filled in the bar tjjlhei at riylil angles, as m 
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l^g. j65, or dUgonally- The laLicr is ntvressarj' when ihe loo) 
^■Uo cut in front of thu: Uir, when, to avoid the interference 
I^P of lh« tool bar and t^i the pmchmg screw 

"^ ' with the end of a blank hole being bored, 

H\f \ ! I the device of Fig, j6g Is adopted, the tool 

H '\ being set ai an angle, cbe point coming 

"1 beyond the bar, and the head of the set 

^^ ^ . screw on a sloping face. 

^■1 ' ! I A refinement of the latter, comprising 
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Fig. i6S. 



Ftg. 269. 



boring tool holder in which ihe cutter is at an angle, is shown 
1 Fig. J70, Here the set screw at the front is abandoned, it« 
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Fig. J70. 



action being supplied by one at the back. PresHurt; is exercised 
r this through a loose stwi rxl A, fitting the hole in the bar. 
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J- it;, in- 

^^iBvin^^ itA opposite end cut tu fit thi; angle of the cLitter, 
^Bt which it is pressed by the screw, ^rhe body of the bar is 
rtBcd of 31 piece of weldies& tubing, and it \^ clamped in the 
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rest by means of vcc'd or of concave blocks. 
latter device is as follows: — 

The common solid boring tool with square shant to be 
clamped under ihc plates of ihe rest (Fig. 264), and having ibc 
remainder tapuTcd down towards the cutting end, is not in idesJ 
form. It bos bi^en commonly used as long as the wiiLei can 
remember, vrhile the round- shanked tool is rather unosuat. even 
in present day shops- Yet the ndvantagos of the latrer (Fig. 
371) are great. 

The round -shanked lool is held either 
in vee'd blocks or in blocks having con- 
cavities lc55 than half circles- ThcM 
blocks, enclosing Ihe rool shank, ^K 
damped b} ihe screws of the lool-plak, 
just OS a square-shanked tool would be^ 
The screws hold the comhinacion securely, 
with Lhe great advaiilages thai ihe tool can 
bt' adjusted in and out along its entin^ 
lent^th, so [hai the overhang is not a bit 
more than necessary for baring to a certain 
depths and that it can be canted 10 any 
an]^lc to suit different gmdes of materal, 
and for roughing and finishing. 'Hie angle 
/ ^>fci 4'-=W ^ "^^ ^ squar&shanked tool cannot be altered 
V jry ""r^ — ^ in ihe least degree, nor can its distance out 
be varied much to suit ditferent depths ef 
bote, unless its bottom face is J^ai all the 
way along, so thai chatter will occur in 
cases in which it need not if the tool could 
be adjusted longitudinally. 
Instead of usin^ vee'd clamps of metal for round-shonhed 
Tools, a simple bored piece, saw-lteTfed through on one side so a^ 
lo allow it to spring, may be used. At a pincb, blocks of haid 
wood may he employed, though tliey are of no use except for 
very light cuts, 

The American tool post is badly designed for holding boriiig 
looU. A de\'ice which is adopted is to remove the tool po^t, and 
bolt the bolder (Fig, 273) In the slot in its place- OcUgon ba;^ 
arc u^cd for the tools, the cutting points bein^ forged from the 
solid. Or inserted cutters may he employed in^^tead. Another 
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fonn of this device is «hown in Fig. 173, in which a split lug 
clamps a round bar. 

The reamer is 1 finishing boring tool, and the smaller the 
amouni whkh is k'f[ for Ji lo lake out of n hole, iht' mori; ei^aci 
will the results be, and the longer will the reamer maintain its 
size. These two points are most important 
in E sizing tool, which is useless if not exact. 
As interchangeable methods increase, the 
tmportano^ of the reamer grows. 

Counlcrbores arc reamer-like tools used 

for boring shallow recesses with JIal bottoms, 

AS for t:heese-head screws. They have a stem 

^[khiust fits ihc hole for the screw, and the 

^■d cut? with straight or with spirul teelb- 

The simple tools just tonsidtied Ii3vc 
merely introduced u^ to the plainest class of 
boring donr, in which the slide rest is the 
MfL- soppofl afforded to the tool, or tool bar, or reamer, and in 
which the work ls carried on the face plate, or jaw chuck. The 
Itmiis imposed hy length s».in come in, to render cJtber systems 
and devices necessary. Support has to be afforded to the work 
away from the beadslock end, and the cutting tools have to bu 
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fsrri^ in a ^totted bar, or m a head carried on a bar, sup[>r)H to 
which tn each case is between centres. 

The smaller Ijorirg bars are made cf steel rods, and ^re slotted 
to c^rry the cutters. Larger ones are 6ttcd with heads of cutters. 
The first kind are s^dom made use of for holes exceeding about 
A in- in diatneler. Beyond ihat, and frequently also for hdes as 
snudl AS 4 in^i the second named are employed. 
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The aloiled bars ntc used Urgeiy ft>r sliafl holes, length being 
nectBsnry wh^-n holes oecur in bosses situated At considerable 
dkiances apart, as in machiriL' framings, or as in the holes In the 
crane barrel (Fig. 274)' Cutter heads would not be so adaptable 
as euiters in bars for such ^ class of work. Two or mure sets of 
cullers can also he inserted in one bar 10 operate in Lhe same 
nember of holes aimultaneouisly. 

The cutters in boring bars operate ort their Tronl, or on thefr 
outer edges- The lalter are essentially lathe roughinji lool poxius . 
ihe former approach more nearly the shape of finishing cutlers, 
although they generally both rough and fintsh. 

For removing nneCal with the kasl risk of springing* iht 
mughing nr round nosed cutlers (Fig, 275) are ihL' best liul 
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they do not size a hole so well as x\\\± flat cutlers *ill do, since 
the latter ;.-ul sltaightforward only, and the outer edgea art simply 
guides in the hole being bored. 

The cutter sho^ti in Fig. 375 is of square section and held 
with a wedge, and it has but one cutting point, so that its action 
IE unbaJaneed. It is therefore roi the easiest form to make, nor 
ihe best to employ. A better type is that in Fjg. 276, in which a 
bit of round ^leel lils in a drilled hole, and is pinched with a set 
screw, and cuts at both ends. The objeelion to it is thai it will 
cut but one diameter, and will soon lose ils evact diaiDcter by 
regrinding, and that there- is no means of setting it centrally 
except by careful measurement. Stilly limth these forms are used 
largely, and are very useful in the ahop'i, especially as roughing 
tools. Differences in diameters are met by keeping lai^e slocks 
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niadc rruui EiCeel uf ihc ^mc aection, which z^w be in&cfted and 
I'hanged qmrlcly. 

The flril tullefs (Figs- 277 and 278) are used fw frequently 
u ihe otheis. They cut by ihcir front coniere orly. and ihc 
outer i^d^-«f> tijroply toltow and smooth the hole, iind help to 
steady the Jrar in iis cut. They are fitted with wtdges of the 
same widlh as the cutler {Fig, 278). 

The difference in the two fittings is, that in Fig, 177 there is 
nj means for sellini^ the cutter LT^ntuily, xvhik- in Ti^- jyS k is 
notched to fit the drametct of tht; bar, and therefore always drops 
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Tig. 277, 

into one position. It c;tnnot 
possibly slip under heavy cul- 
ling, which Fig. 377 may do. 

Mo^ cutters, perhaps, arc 
r[iadt like F)^. 978, and Fo get 
over tht objection of fi\ed diameter, ii large stock is kept, But 
the notch will only fit bars of one size, which again is a drawback, 
while Fig. 277 can be u^ed in bar^; differing considenibly in 
diameter. Cutters like these are sometimes used as single-ended 
on^St but not very often, because tht? strain on the bar is severe, 
tending;; to bend il and push it away from the cuL Frequently 
Ihe^e are u&ed as facing; cutters for the ends of small bosses, as on 
those in Fig. J74, thus avoiding the rigging-up uf a -star feed 
arrangeiijcnt for a sinail face. 

An objection to having squure cunicrs in eiillers like Fig, 378 
i'> that ihL" fit of ibe L^dpe.s \s not preserved perfectly. This can 
be avoided by bevelling the ends (Fig. 179). 
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Wedging ciULers, though so commonly praciised, k nihef a 
crude and dumsj' device, and ihe necessary hammering done is 
detrimental lo the Xt\il\\ of the bar. Screws may oftcji sinnd oxil 
more ihan the wedgei;, biir in many casts ihis doet not mailer- 
Hence ihe rcasun why screws arc uftuti suhsiimicd for -wedges. 
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Thu bar may alao then he madf hollow, and a rod forc^4 
through against the cutter by a screw at the end Anotht-r 
method ii lo lil rtverst wedge ]jieccs behind the cutter, and draw 
these together by means of a screw, so jammiof;; the cutter firnily- 
Cuiters in boring bars of the same .si^.e should be inierchaiige- 

abk'i 50 that any such cut- 
ters will fit any bars in lie 
shop. And one advantage 
of the flat "icked cutlers \s 
that they can be so fitted 

In any case, in fittint 
cutters it is necessary \*> 
be ^ure ll^at i^ot only wiH 
Ihcy not shift in workji^, 
hut that ihey can be iH' 
serted after Temovai, in the 
exact po.'^iiions they occupied before. The t;oichin>; arrangement 
is pediaps the best of all, as it does away with the injubic of 
testing or measuring, and automatically locks the cutler true- To 
avoid the risk of unwittingly changing the cuttiifr end for ertd in 
its slot, a centre pop is madt? on the cutter, and one on the sidir 
of llie bar which matches it. 
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Simple devices for cc^nlrin^ and holdtnj^ ihi: cullers In small 
bius are sliovn ir^ tigs. j8o and s3i. 

Fi^;. i3o shows a culler held with a wedge agdnat a centring 
pin A- The Utter fits half way m a hole in the bar, and half way 
in a ootch in the cutter, which is vee'd, being rounded at the 
botlaiD to avoid wi-akcniiig ihe cuLleT. In Fig. 2S1 the piessuie 
gainst the pin is effected by a nut tncirciing the bar. Each 
device is reliabk and simple. The method of securing the cutler 
wilh a nul in prcferL^nce to j wedge driven with a hammer is to 
b« recomrnended, because no distortion, or other damage can 
result. And when a loose washer or collar is interposed, as in 
Hg, aSi, tht' face of the nut dots not bi^comc worn by friction 
against the edge of the cutler. A second nul serves to lock the 
whole fastening against slackening due to vibration. 
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A device suitable for small bores is shown in Fig. 21^2, in 
which two round steel cutlers are sel thrangh holes in a bar, 
drilled at right angles. They are held wiib a nuind tapered key 
ihiven through a hole at an angle of 45" to make contact with 
both cutteis. As the cutters offemie at bijlh ends, they bore a 
fixed sized hole, cither as roughing or ftnishing. The advantugca 
are that the bar is cheaply made, and that the cutting forces are 
so well Ijalanced that the tools will not re^idily foHoA a crookedly 
cast hoJc. 

None of these cutters arc- suitable for continuous bores if close 
itccuracy \% required, but fur i^utnparativcly short bores they 
answer \cry well They are used on boring machines as well 
0^ on lalheSi several slots bein^" made in long bars at Intervals. 
Bearinp in drums, checks, and frames of various kinds are bored 
thus. Axle boxes arc commonly bored wiLh a bar at>d single 
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cutler, but generally on a boring machine- Only as a mal 
job are the>' done on the laihe, 

A boring tool, in which several ideas arc embodied, i£ 
illiistraied in Fig. 383, It comprises a centring device, and 
separate cutlers for roughing^ and firi-ihing The cutlers A, \\ 
are inserted in slot^ cut in a bar at right angles, one cutter 
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coming Into contact with the other. The roughing cutter 
is centred by the pointed set screw, the finishing culler B 
the plunger c, which is pressed downwards by a spring enc!o 
in the bar. The two cutters aic forced against the resistance of 
ihe spring by the set screw. The plunger is pushed back to 
remove the cutter hy the pin, which i^ InaerLcd Lhiough I 
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The difference in diameter of the roughing and linishing ccjtt 
may he about |^ in. 

Two cutlers set one in advance of ihc other for roughing ii 
(inibhing need not be very nearly of the same diameter. If Ihe 
bar is well sup^iorted, a diffi^rcnce nf from 1 to j in. can be tnad^H 
bitl Ihen the feed must be fme. ^| 

Boring tools suJlable for use in turrets are shown in Figs. ^8j 
and 285, The lirsL shows cutten> adju&iahlc by means of 




DRILLING AND BORING- 



117 



jsoiiitcd tnd screw, and danpcfd with other screws at the end. 
In Lhe second, two round pieces of sled are inserted in holes 
m ihe head, and each \% damped wilh a single sei screw. 



I : 
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Fig- j86 lllustrales a boTin^ tool, or reamer used in AVillans 
k. Robinson engine cylinders. These reamers h.ive each two 
cutters t;, a, set np|>osite each other, and inclined in tharsbtsat an 
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ai^lc of 3'. The other inscricd pieces are guides to fit the 

finifibed bore, wilh which they malfe contact. The front lips of 

^he cultLTS are '^X ;i little in advance of thi; ends of the bearera. 

]t Hill be observed (hat the guiding 

strips conie diametrically opposite 

each other, as do the cLElLera, with 

the odd looking result that thi^rcr is 

a targe s[jace unoccupied on the 

aides faitheat from the cutters. Fig. 

387 showi how Ihe cutters arL- set 

forwariE in ihelr grooves lo ci»m^>ensaie Tor wear. 

A novel form of boring bar of ti[:rman dcaij^n is shown in 
Fig, aSa. The special featitrc is; ihitl lh<: four cutter* ate adjusted 
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sinmlifinecusly fjy .\ face &cTe\*', nr scroll like ilial in a ehucl, Ih? 
Tares of each culTcr being [hre;iUtd lu suJL Tht l'Jjjc of ibc 
joinl i^ gmdualcd for exact sijtting. 

A bar for boring car wheels, in ^'hich the cuirtTs jrc 
simultaneously udjustabk for ladlus Is shown in V\g. iSg. It ia 
allered by screwing a tapered or conical piece up of down, and 
litvellirg ihc inner ends of the cutlers to fit the cent. 

Holes which ar<; cunceniric wilh one another are bored irub 
by means of two cutler ht-ads on ihe same bar, the heiids beinft 
made in one or separaiely, as mojii c<in\onient. 

Cutlers arc seldom mounkd in slotted bars and pinched 
therein with wedges or with flet screws when hole? exceed about 

3 in. diameter. Hi^yond 
this thu bars chatter, arid 
the aciion of the cutlers Is 
Loo alow. Hence the reason 
why the head of cuileis m 
employed for Iwring larger 
holes. 

A fixed boriii(» head 
may be formed solidly or 
a bar for repeal wurk, but 
it is gentratly made as a 
separate fitting and keyed 
on. The head is ofter^ of cast iron, somL'times of forged steel, 
aiid the cutler:^ are eiihcr iccurud with screws or with wedges- 
Screws are mostly adopted with round pointed tools of the rough- 
ing type; wedges with broad finishing tools, which, however, art 
frequently employed for both functions. .\s the heads increase 
in sixe, the number of colters is generally tnultiphed, Ihe object of 
which is die belter balancing of tht: head in the bore, and the 
more rapid operation of boring. In order to facilitate the latter, 
Ihe cutlers are -set each a little in advance of its fellow, to cut in 
succession. If they were all in the s;une circular plane, the first 
one would do all the ^vork, and the rest would be cutting wind. 
Setting them in advance, the cutting is divided hecween all, ai;d 
Ihouiih a coarse feed is taken in ihc aggregate, each cutta has but 
a slight duly to perform. 

Hm the strain on adulter head is very severe, und therefore iirs 
not advisable to inaert the euiters very clusely, or to nuke 
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drpth of cu!, or feed too heavy. The cuiters, nnd the wurk will 
become hot, and the laiter will be distorted 

Though, jp 10 a reasonable Umiti eutter tieads can Ix! 
mounted on btir^, when ihf dispropttrlion in diamclt^r become!^ 
excessive, the bar \Hbrelcs severely urdtr iht stivss of boring, 
Then some support must he ^wnn lo it, besides ihat between 
ccntre:>, or elae ihe re(;utar Ui>rin^ bar must bi^ substitiitedi 

One way in which a boring head is stc-adicd when the job 
permits of it, is to main? the liar and a smill hole in ihe casting, 
aclo&e running ft, so thai the hole becomes a bearing to the bar. 
This IS done in boring somt engine cylinders (Fig. 39*^)* which 
arc tasl solidly with their guides, the bar fitting in the hole ihal 
receives the bush for the rod- Many other portions of mechanism 
have corvenitni holes which serve Ihia purpose. The value of 
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Mic-h an aid will be ev:denl when the fact is fully understood that 
true boring like lumlng, is mainly a question of the rigidity 
of the tools. And if lo ihe support afforded [o the bar hy 
a hole, there is added A wooden disc on rhe bar, following the 
toob in the bored hole, very heavy i;utlinj^, and Irue boring car 
be done- Thi* is a block of hard ^ood turned to (it the holii, and 
keyed on ihe bar a little way behind the cutter head to serve as 
i. steady to the latter- 
It is usual to lit slips of hnrd wood in grooveb in the hoai1 
(Fig. 3*^1). altemaiing with the cutters, to abnorh tendency lo 
vibrAlion- 

Cutler heads, which aie fixed 011 bars, are Jilted hy means of 
a key (T^gi*- lyOj ^yij ^*)2. and J94)- whitli permiis the bead (o 
be Kt in any longitudinal position on ihc bar, the key either fitting 
on the curve of Uie lailer, or on a flat, or preftrably in a groove cut 
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alonp ihe bar- The bore must nvilic a dost, yd cosy, fit on ihe iiar, 
to permit shifimg the head jilong wiihout trouble. Slop mua twt 
be |»i;rmitted. but it is lialjk to devrlop m rnuise of limr. A gifod 
practice, w-hich obviates troubli: due lo slacKness, ia It* split ihe 





head un uiie sJdt^, and tighti^n fl wiih a bolt, ur u cuuplt of boln 
(Fig. 793), Tbt spliltinf^ has a Blight tenduncy to induce vibra- 
tion, and interferes with the setting round of the cutters, if more 
than thriie are used, but il Is nevertheless a good devkc. 

In the fast heads, seldom more than six cutters arc used, nor 

less [han three. Four is a 
frequent number, end I He) 

H 14"--^^, perhaps bore more truly than 

three. Dui three are as effi- 
cient as four if steadying 
blocks are filled in the head, 
as in Fig- agi, midway be- 
tween each cuitcr, so beeping 
iht latter to iheir work in 
holes of irregular shapt^ an( 
also lessening the tendency 
chatter. An object to 
borne in mind when arrangi 
cutters is to make thei 
Fit-. 292. mutually count erbaluntre, Ai 

other point is to increase tl 
number uf culting edges, with tht vjew ic securing greaier 
aggregate results. Tliere vt-uuld b« no such ^ain, however, if ihc 
eucti'rs wetL^ s*jl to operate in the same circular plane, as men- 
tioned previoualyn If there ure six cutlers, each uni: should 
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9X1 \o divide the Teed during n^ rc\olution ^jclwi^tn ihcm, Sotrn?- 
tiines looU of dififerent ahapeSj siiilablt for roughing and finishing, 
are combined in ihe same head^ai iht snmt time. 

The Mraight wedged cutlers (Fig. zq\) have .in advantage 
over those which arL* held wilh <iet screws or with damps, because 
they mak(^ a. bedding fit in the head ; and ohlc fiucd in Iheir 
sealings, they cannot shift, either endwise, or radiallyi Endlong 
movement is prevented by the shouldered end. 

In making these, the cullers are fuied while unhardened, and 
turned up in the Jaihe, The onds are then filed back lo cut in 
sucteftiion, and liiicked ofi", and tlic side edges are also bicked off, 
after which the hardening is 
done. Each cutter Is centre 
popptxl with one. I wo, or 
ihrcc dots respectively, and 
Ihe head adjnceni popped 
simtUrly, ^:j thai when 
Ibe cutters require Eo be 
re-shaqiened (hey will jin 
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back into iheir proper grooves ; or figure stamp!; may be used if 
amtlabk- 

The cutting is done by the front corneri the parallel edges 
only following and smoothing the hole. 

Illustrations of cuLiers htid by other clamping methods are 
shown m the foUov/in^ ligares. 

rig. 293 shows a VL-ry tomnion method. I'hi: tool pointh fit 
in recesses in the face of the cutter head, in which they arc clamped, 
each with a. t^at strap. 1 he tool is :i trifle thicker than the depth 
of the recess. Fig. 294 iiluiUales a head in which recesses are 
Cftst, or cut in the body. If cat, they are cleaned out with 
broaches to siie, or slotted. The tool ^Mjinis arc pim^hed with 
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setEcrews, In Fii^s\ 7^5 and J96 ihc reoessc:* are made inihc 
fBM», and in llie Ixidy rcspc-clively, tiuE the tool points paasthroupi, 
straps vil!] screwed laWs^ which lighten the tools up ediclently- 
Tcol poinLs a7c also claQipcd by bulls running in circul 
T'grooves on the fact of the head, Vift. 197 shows anothi^i 
design, in which the tools are held between the head and ft knu- 





Fig. 395- 
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cap. The h«d a is rct:i?S5td, and the tools stand up n 
beyond its fact, to he clamped by the plate n. The screws c, 
permit of effeciiog minute radial adjustmerls. 

Boring bars are rather expensive to make, and therefore 
has to do duty for as many different heads as possible A small 
bar would be the most generally useful to take small work, hut 
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the largest posMblc 15 better from (he point of view of rigidity, for 
long bars wili vihralL- unless the culling forces art^ properly 
balanced. A mean has lo be struck Ihcrtfore, or more than one 
Imr must be made. The latter pIfLn should generally be adopted, 
U'hether one or more bars are used, there must be Mvcral 
b<>ring heads of different sizes, one for almost every different job, 
because in no case can the cutting tools be permitted \o stand 
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fflf from ihc head, Somutimca the Jil!ii:uliy is got over by 
mating a larger head to fit around a smaller one, fildng ihe two 
togeibet wiih keys. In other ra^es tlit' cutter heads are liuUed in 
a flange on the sleeve. 

A dtsadvaniage of the fixed Ixiring head is thai ihe wnrlc musi 
be travelled past it, since the bat is mounted between certresn 
This becomes more objectionable with increasie in length of the 
work, because il curdurcs lo inaccuracy, and ii is, moreover, an 
awkward arrangement to carr>' a lon^i and massive piece on thu 
saddle or the rest. The b:ir also must be con!£iderably longer than 
the hole to be bored, in order to enable it to pass through ihe 
bore, and reach the lathe centre on the other side. 

And in any" case, when dimensions of S or to in. are exceeded, 
il i* better to abandon the culler head keyed on a bar, for ihc 
regular boring bar of cast iron with traver-iing head {Hg. 29S), 
In this, the body of the bar is of lar^c dianietur and ^lifT, and the 
work is not traversed, the head of cutters aloni^ moving lon^- 
tudinalJy- 

l-Lrge sleeves mu^t have long nuts a (Fig- 2qS) fur tbc traverse 
screw- The bar should be kuy-^ooved on the ^ide opposite lo 
the screw recess, and a feaiher or key u attached to the head, to 
slide in this kcyway, and ^o drive the head round. If ihe sides of 
the nut also fit in its groove c, the conditions are favourable to 
an ajtial drive. The vaJue of this U greater if the fit is not perfect 
between the sleeve and the bar, due to slack fittinfi in the first 
place, or to wear. 

In rig. TgS the long boss on Ihe cutter head conduces to 
aiabilLtyv The head is grooved for wedged cuilcre o^ the kind \n 
Fig- 39'- The screw is carried in bearings D, D, which are fitted 
in the groove c at the cnds^ and let in flusb^ being fastened \\ah 
sunk screws, e is a double carrier by ivhich the bar is driven, 
F is the siar wheel by which tht screw is turned djrecily. The 
bar is cast solid, being one of 6 ia diameter. U'hcn much Ini^er 
thin ihis, it ^uuld be made' hollow, 

In I'lg- 2^\), insiead of grooving thr bar \i\ carry liie screi^', the 
latter is jflaced outside, a little way from the body, Hearing 
blocks A, A, are kc3'ed on, 10 take the screw at each end, and the 
latter is driven by the star wheel at the right-hand endn The 
bonng head b is provided with a key, attached to it with set 
screws ^^^ 'bis slides in the groove fn thi^ bar, ^ turning the 
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wad with ihe Ullur» without causing strain lo the scrtw. The 
tratiers ate wedged in, '1 he entireaffafr is driven with the doubk- 
coded canicT on the left. This is a less ejcpensive bar than the 
previouB desigOn 

Fig, 300 shows a boring bar devised specially for boring electric 
motor frames, made ia halves, but >^hich is adaptable to olher 
interior work, In which the frame is divided longitudinally and 
bolted together. 

The bar is ,1 hollow castEJig, carrying the head, In which the 
tocU are pinched in radial slot^ ; a boss on the hL;ad fitting Lhe 
bar gives stability b> its leiigih. Ie is driven Ly a key a and by 
the sides of the nut k, which passes ibiough a slot in the bar to 
the centrally situated feed screw. The bar is driven by a can-ier 
C, the onns of which are \i\ coriticl with pitis on the face pUlc- 
The screw is fed by the star wheel p, through equal spur wheels, 
A crank handle is slipped on the s{|uared end e, to run the screw 
back and for adjusimcnts. The bar runs in tht: bearings of the 
frame which it is boring by the turned portions near the ends. 

The star feed in a simple and efficient devii:e for efTectiug the 
tra^-erse of screws in bars of medium dimensions. But all bars of 
largo si/e are gear driven, the object of which Js the same as the 
star wheel — ^namdy, to feed the cutter head longitudinally. 
Changes in feed can be aceomphshcd by changing wheels. The 
aiciion of this feed is thai during one revolution of the bar the 
feed screw is turned by a definite amount- The geared biirs difTcr, 
therefore, from the bars hrst shown^ in which Che work ii^ traversed 
past a head that does not move in the longitudinal direction, and 
also from the second cta^s of bar, tn which a simple star feed turns 
the screw ai a uniform rate per revolution at a certain stage of the 
sunCf for the geared bar feeds continuously. 

The boring bars of the geared type are usually of a more 
massive character than ihose in which the feed screw is operated 
without iht intervention of tooiheJ wheels- Often they are set 
verticaMy, in which case they lie outside the range of general lathe 
work. These bars are used in two ways: either as poilions of 
the fitting of a lathe* or boring mJU, or as portable mechanisms 
aliached with a spider to the end of a cylinder, which may also 
be deiacfied either in course of manufacture, 01 butted Lo ihe 
mechanism of which it forms a portion, the portable bar being 
then attached to it for re-boring. 

F I 
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Th(^ krger boiint! bar^ used in hori^onul lathes, when slat TcJ. 
ore dnvtn between centres on tht? sEowesl speeds, and willi batk 
gciiT in. But il bi^comeh necessary in ihe case of the most massive 
bars to aiTo:d more adcquaic support to ibcm than the ctnlrcfr 
can yivtf. The bars are of grtat knglh, and their htads are very 
massive, anci wbit ia moro distressing is [hc^ strain of cultir^ 
The fitting of gears also interferes with centring. It "s IhtrcFort 
necessary, in a horiaonlal lathe, to [iruvidu independent journal 
beariiigSf and to turn journals on tlie bar to ran in thcnu Manf 
cylinders ranpn^ from abuut 6 lo fi ft. in bore are done in 
way, in ihc absence of a vertical boring mill. 




Kifl. joi. 

The awkwardness uf boring vork in the lathe is largely due lo 
the liNing up of pieces of different depih*^ without iho aid of i 
vettJcuUy adjuslaWc tabic, like that (icitd to regular boring 
machines. Sometimes iho saddle is utilised for bolting cylinders 
in, which is rhe primary object of the slot holes cast in the end? 
of the caniagc. If a job is loo shallow to rcsL directly on ihc 
carriage, packing block* of wood or iron can be used. IF loo 
deep, ihtf mmagiL' nui-st br: moved out of ihe way and the work 
go on the bed, with such packing as may be required. If lc*» 
deep lo ^o on the bed, it must be sent ti> a lathe of higher centrd^f 
For the biggcsl cylinders, Iherefdrt!, a facf laihe must W us^^" 
This may be one of IhoKt wiiti a movable popptl fitted as an 
adjunct on a short bed bolted to a hasv plate, ibough the poppci 
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wiil only be of use when Ihe centre U required. The base plale 
IS utilised lu r(.Tcmi: llie bearings frjr ih*- l»ir- Ajs thirst bcanngs 
arc readily ivmovable, they arc made for pcrmanenl bonng service 
on one or two of the big face lather in ihe shop, and any cylinders 
Iwyond those of nudiuni dimensions, such as will go en kiibes 
witJ^ bt^ds, nru bent to the facL- Jathe, or Lath^^^ lo be dune in this 
rnshion. 

There are two methods by which big boring bars dre fed \ s>Xi^ 
by epicj-clic gears, the other by differential ^-ears, the Utter being 
the meiScH-l mostly adopted. 

Iti tlie epicyclic device (Fig- 3oi)» the feed is due to the 
rotation of the wheel a on the end or the feed screw, around the 
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pinion h, clamped or otherwise securety fixed on the nianrlrd of 
tho loose poppet. The ainouiii of feed pet r(.-valuibn of the bar 
c depends on the lelalivc diameters of a and b, coupled with ihe 
fact of rotation, IT A :ind B Jire equ-il, A will makL- two revolutions 
nn its axis during a single turn of the bar, A is inadt larger dian 
ti to lessen the amount of feed. This device ts not so con\'enient 

Ihc ne*r one, in which differential gears are adoptL'd, and in 
ich a finer feed can be obtained in a more snug and self-con- 
tiincd arrangement. Boring feedi^ arc always line, though the 
depth of cut may be deep, 

The differential gears used comprise a trmn in which there is 
a difference of from four to six leelh usually in a |jair ofth^ wheels, 
siifhtieni to i[iipari a fucd nion:^ or less fine. 

The principle is iUustmtcd in the diagram (Kig. 302). which 
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shows pcrhups the carlitst form uf this device, since uKidified 
somewhiti, without aflecting the futidamomal ide^ A spur vh«rl 

A, keyed on an extension t^ 
th< bar, <:neJ4;e5 with a vhecl 
H on a stiaft on u'hich is 
keyed anothEr wheel 
having a few teeth It 
tlian p. c geaTs wi:h 
annular whtel d. having 
same number of teeth Eis 
n is loose on the har 
others art fixed, A on the' 
bar^ and n, c on their shafl- 
The iniemal leeih on n 
equal in number to the 
ternal These internal let 
of ij en^^c with a pinion 
the end of the feed screw 
If the wheels a and d 
. had <^4 teeth, B 36, and c^ 
\ flay, only one less ^35— the 
^ pinion 16, and the sere* 
" was of i m, pitch, then tht 
wheel D would be kept back 
relatively to the others by an 
amount equal to one tooih— 
in this ease one thiTiy"^iKrh 
of (L re%o]ution during one 
revolution of the bar. As 
ihe pinion of 16 leeth b 
geiired 4 to f with 1^ the 
pinion makes one-hinih of a 
revolution — a. quarter of a 
thirty sixth. Consequent I j 
the licrew moves the cuitef 
head throagb one ninth uf 
} inn — y'fl in. If the sere* 
were of 1 in [ritch, tht- cutter 
liead would travel | m, during 
one revolution of the bat- 
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In such a design the feed per revolution i^ con^tuni. But as 
the lathe is capable of various speeds bv cones and back gears, 
the tirishin^ traverse can be taken at a higher speed than the 
roughing; and thL' traverse, ihough not ircreaseti in amount p« 
revolution, is accelerated in speed to the accompaniment of the 
increiistd bortng rate, 

^Viih regard lo the arrangemenis of the dilTereniial gears, it is 
clearly a question of convenience only. They are perhaps seldotr 
now placed as in the digram P'ig. 302, but generally on the lines 
of Fig. 30J, In snmt? cases tht? two fast wheels adjacent mn on a 




Fig- 304- 



short shaft which has its bearings in a small braeket, in others, osi 
in Fig 303, cin one of tht^ hearing brackets c, c. 

The pinion is not made lu gear uith an intemal ring of teeth 
hefc, but che practice is to have two equal pinions— one e on a 
shaft in ihL- axiis of the bar, the other v on the feed screv. These 
are gtncrall}' put close to the end of the bar. In one example 
Ihe body of thi; bar was slotted out to receive the pinion of the 
screw. 

In Fig. 303, D» fast on a shaft at Iht; end of the bar, drives c. 
Tast on the same shaft its h, sa\A this drives \, which is fuat with 
h, which drives f. c and a have 44 iLtrth each, and fi and i> 
42 teeth enchn The screw is of J-in, piich. 




It would not be necessary, except for prarticfl! reasons, to 
have a pinion to drive the Teed screw, since the loose wheel mighl 
have its bo^s threaded Eo fit the lead screw, ajid bo draw the bitef 
:hmugh it. But this method is objetlionaNrf in most rast-fl, dur 
lo the overhang of the screw when drawn out^ and h is w\j 
applied in certain cases where a short travel occurs. 

The toois usied in tht: culler headi are similar Iti those previ- 
ously illustrated, being either hold with wedges or screws, Kig& 
304 and 305 illustrate two cutler heads, the second showing; 
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how a large head is Veyed roiiiid a smaller one; besides ihesi- 
lliere are other methcds of fitting, such its bolting to a flany;cd 
boss which embraces the bar. ^^ 

DifTerential boring bar» are littE^d between lathe centres ^^H 
scmbling in their general design those of similar type for horiionl^^ 
cylinder boring machines. A pedestal is frequently supplied to 
bait to [he kthe bed, to carry Ihe differential gears, ^H 

Though not in strictness a lathe, the cylinder boring machtf^™ 
must be noticed here- In the horizontal mfichines there is a bed 
plate carrying a fast and loose head by which the bar is carried. It 
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is attached to the driving spindle in the fast head by a flange, or 
a taper, and runs in parallel or taper bearings in the loose head. 
The drive in modem machines of the larger types is by worm 
gears, as being slow, steady, and powerful. Different rates of 
drive are obtained by a stepped cone on the worm shaft. The 
head or heads are moved along the bar by differential gears. In 
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some machines reversing gears are fitied for boring in either 
direciion. 

If a big boring bar la only used at long intervals, it should be 
rubbed over with tallow before being put aside. All the mrned 
length, and the screw, and slides of the facing arms are thus 
treated. 
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Facing anus arc attached to boring bars for fadng the 
of cylinders, ttc, at rlie *iJirne setring ;is ihai ai whirh the bork 
is done, and also for turning ihc oulsides of flanges- Tbeyire 
either single, or double ended- The arm carries a Elide rea!, 
simple OT comtiound, in the more complete design, thu feed wre* 
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being aclualed by a star wheel. A sirgle arm, when massive* 
should be counterba-laroed. 

Ttie value of tlie BTin lies in the fact that it faces the flanges 
of cylindrical work while the latter remains in the position wh<:rf 
it has been set for Ijoring. The arm is cliimped on the bar with a 
loose cap in the positioji required for facing. A slide face on the 
arm with vee'd ed^ses f*3ceives a tool holder, whrch ig moved alorg 
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the slide b/ a screw, as in a laibe rest. The screw and block are 
idjasied more rapidly by turning ihe star wheel by hand, or fed 
aiilornaiic^lly liy ihp wheel, Mruck and moved a distance of one 
tooth by ii pir or block conveniently placed- 

Fadng arms of simple designs are Jilted lo llie boring bars 
slotted for cutters, as wn-ll a.s to those with beiids. In some cases 
they are made to pass through the 
alois ; in others they embrace the 
exterior of the bar, examples of 
Bhich are shown in Figs, 306 and 

3°7- 

The first named arc rather fiimsy, 
but they are suitable for hght cuts on 
small work, and are convenient. The 
second are better, the vcc fitting 
gripping the bar well, and are 3d3[>- 
table to a small range in siics, which 
a semicircular grip would not do. 
The details of construction ,iTe clearly 
shown in both figures, k represents 
the boring bar, the arm c being 
wedged with u in Fig. 306, und gripped 
with the cap u in Fig. 307- c is forged 
steel flat bar in the first figure, while 
it is a casting in the second, c is the 
cutter block, actuated by screw £, fed 
by ihf? star f- g is a collar 

Two larger arms are shown in Figs. 
308 and 309, single and double re- 
spectively, the second bting fiued with 
compound tool slides. Fig, 309 i^ 
cut back to bring the cutting tool on 
the diametral position. 

Facing cutters operated by star feeds are often improvised 
in this way : — The ti^p slide of a slide rest is taken, and fitted with 
a special Eool bolder for carrying the facing cutter. The slide Is 
boJtcd to the lace plate, and the star feed moves the sslide and 
tool once durin^^ each revoluiian. The rroni slide of a planing 
machine- tool box may be taken, and fitted with a tool holder, and 
used similarly. 
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Flat cullers ore frequently used for facing bosses in ihe bihe. 
so avoiding iht imuble of filling up a si:!r Teed for a IdEle job- 




The work, being bolted lo Ihe carriagiz, is fed up lightly to Ihc 
cutler. The l;t[ier \s wedged or held xrilh a set screw in the Jar 
aimikrly to ihe ordinary fiat boring cutters. A similar device- 




may be used for tjfjiing a narrow dange, a. cutter being r^ged 
in a tool holder on a r;icj%- arm. 

An operation ih,!! often has lo be jjerfornied at the same 
sttling i\i> chat fur boring is turning l\\^ out&idc edges of tkni 
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Sometimes this is done at a sta^e previouE to boring, tli43 work 
being ceni red for ihe purpose. But this is cither im practicable 
Of inconvenient, ot \w many instances, wasteful of the lime occupied 
in two chuck[ngB. Tht* general practice, therefore, is to feed a. 
lool across the cdgf, giipptd in the fatjing ami, putting on the 
feed by hand ; or else, if the vrork will permit of it| as when 
carried on Ihe saddK- of the ttM, tfift-ed the latter along. Hg. 310 
illusttates the apphcation of a facing arm. the tool projecting out 
over to reach \hxi edge of the flajigt. In Ihe case of a boring 
machine the bar 1^ fed through the cjtinder by which the mrning 
is done, but the same ihing is effected if the cylinder travels 
instead' 

Taper boring is done in various ways: short tapers from the 
Mide rest, swi^^elled for the purpose ; long ones by means of bars. 
The falter are noi required nearly so frequently as the former are. 
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Boring from the slide rest is ihe better way wlien practicable, and 
M t^TK be done up to, ^lay, 5 ft. or 7 ft. 6 in. in depth, lining a stiff 
lalhc and a tool bar of 2^ or 3 in, square section, and cutting 
rather ligblly. The bars previously illustrated for deep parallel 
Ix^jring are equally Miitalili* for l^iper bores \ the jinglrfs can be 
rL'adily nbininedi and a number of similar pieces cnr he bored at 
tht? same ^citing of the rest. If llie drciilar base oFa slide rest \<. 
not graduated into degrees, angles can be set by the aid of a 
dii^jram, giving taper per foot. I'he base of the rest { Mg. 31 1 ), 
should have two tine*; n, ti, marked on it at right angles, to indicate 
when ihc circulai foot is parallel to and at n^^^hl angles respectively 
with The axis of the lathe. Any angle i-, per fool d, can then be 
nbtainL-d by marking 11 out first aw a bojird and then taking the 
ctiitADcc tf on a drclc of the same diameter as that of the base, 
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The latter con then be set and clamped at the angle- Another wiyH 
to set a bevel by the edge of the refit, and a parallel shaft pui 
bttwein centres for tesring by. Slight error is easily made many 
mcosurcmenls, atid therefore Ihe work must be checked at 
end after a rough cut. 

With respect to the use of bars between centres foi boHng^ 
tapered holes, there is often some initial miscoTice prion and 
difficulty experienced abom this work. TrouUe soon arises if the 
attempt is made to bore such holes by setting the taiLstock over 
fts for taper turning. On the face of \\, it seenn*i correct lo sei ilit 
loose [loppet over, on the assumed ^ound tiiat what is Hght for 
turnitig must be correct also for boring. But the livo ope»n( 
are of a different character. 
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Tikvo things arc essential for boring a tapered hole with a bv 
between centres. One Is that the bar shall move in a eircubf 
^)ath at the fast htadstock cod ; Ihe oiher that the tool shall be 
fed along the bar. In order to understand the reasons for itwa 
let us see what vould happen if these conditions were not fultiiled 

Set a bar bt:lween centres, rotated merely by ihe headstock, 
set over at the poppet end by the amount of taper required as for 
taper turning, and carrying a liTted cutter in the bar (Fig. 319), 
which shows the amount of set over, exaggerated, and the wdl 
being traversed post it. The result produced would be a panlld 
hole, ellipliciil in cross section. This is clear from the diogniD, 
For the radius a of the cutter^ though producing a true circle k in 
the angle at which the cutter stands, would not produce a circle, 
but an ellipse in the right angle b with the axis of the bort^ 
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since the work traverses past the cutter, the position of which is 
fixed, clearly there can be no aHerattons possibk in the diameters 
bored by the cutter. 

Now supposing that a sliding boring head (Fig, 313) carrying 
a cutter is substituted for the fixed tool of Fig. 312 set over as 




before on the loose poppet. What will result then is a circular 
bore, not tapered, but cylindrical, and parallel throughout. 

The result in both cases is due to the fact that the centre or 
axis about vhich the bar turns does not coiiicide with the axis of 
the tapered hole which is desired. In a common boring bar, 







Fig. 314. 



doing parallel holes, these two axes do coinddc, and the same 
principle must be observed in taper boring. 

The diagram (Fig. 314) illustrates the conditions which must be 
ful6lted. The bar is attached by any convenient means at the 
headstock end, set to the radius corresponding with the taper of 
the bore, and thus it describes a circular path around the centre 
tf tf, which corresponds with the axis of the taper or cone. The 
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cutter also must be fed along the bar, instead of bdng a fixture. 
In this way a tapered hole, truly circular in cross section, is 
produced. 

The relation of this principle to that of bonng froin the ^e 





rest and that of taper turning is illustrated diagram maticall)- in 
Figs. 315 and 316. 

In the first, the relation is perfectly clear, since the work 
rotating about its axis a a has exactly the same relation to the 
movement uf the tool as if the latter were rotating in a conical 
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path, as in the previous figure. The case of taper tumic^ (Fig. 
316) is different. Here the surface being turned coincides with 
the line of movement of the tool, as in boring. 

'l*he practical application of these principles is seen in the bar 
(Fig. 317.) A centre plalc a is bolted to the faceplate to take the 
centre in a sliding block b fitting in a bead at that end of the 
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le radul adjusinienl u/ whi<:li bluck o\\ ihc head i^ivus 
varJAiioiik in [jper as required. "I'he sliding htiad c is fed by a 
acTcw^ drivni Troni d sUr ^hccl d thruugh guiis. The rdaliun tif 
Fig. 317 lo rig, 314 is clear. Such a bar mn> bcfud by bevel 




wbeels. one (;n thu mandrel itf ihe looser [>up]jul, ihe ulbt^r un 
the feed screw, tht saniu device as one illuslrattrd on page 226 
AJih spurs. 

As a proper bearing canntrt be gal on the ceJiUca when aucb 
t>ars ^e sel to angles^ it h necessary lo 
(Jtovidc some sorl of cemrc wblch will 
Accooinkodaiu itsdf to the augulcr move- 
mcnt- Thi^ is btst met by a bnll and 
socket fitting (Kig. J17), \r\ "hich iioint 
cetilres are discarded altogether, or by a 
diffrrent dcAitr in the ends of the har 
iKig' 5i&)i a pdrtJal sphere movini; easily 
in ^ recess, and retained with a damping 
pTaie- The onJJiiary jioinl i::enlres are 
retained, and Ihe hall fitting allowii of 

movement taking place to accommodate ihti wobbling course of 
the liur. 

special bars arc M>metimes made with sliding cutler hc^ada. to 
bori^ one jviTiiciilar c]as!i of jr»h only^ and one rap<?r only. The 
W is not set over, but the taper ia on the eutLct heitd, which 
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A good mawy nielhocis have been designed For boring tayen 
with bars revolved hctwreen centits, It maybe laid down .is a 
^aie Tiilt iivil if d hoLi; can [xissibly be bored with a Lool held m 
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the slide res% ihat plan should bt adtjpicd in prt^rtttnce lo using 
ihc bar. Fig, 315 illnstratijsa bardesigned for bttringthc rtincflvc 
seatings fcit swivelling bearings. 'I'he bar is sloUtd about Vit 
centre, or near one end as most convenient, m whicli 4 tool 




DRlLLItlG AND BORING. 



«4" 



Mbn 



A is pivoitd. Slight difTerences in iht; radius of Eh« lool are 
eflccled by pinching il fiinher in or out From the centre. The 
holdi'f has a curved rick cut upon the edge opposiie to the lool, 
in which a woimi works on a spindle b actuated by the siar feed. 

In Fig- 320 a star Feed a is employed Lo swivel the cutter 
holder B, upon its pivot, and 5o produce the globular ouilme in 
the bored scaling. A sliding nul, acen in the nil of" d allows for 
tht.' varj'in^ iin^ular positions which tht' holder a±;5umes in its 
mDvements. Adjustment for diameter of bore is efTected, as in 
Fig, Jig, bj- pushing the cutter farther out, or withdrawing it. 

Boring ngs include 
varioiwdevice*i, the object 
of which 13 either to sup- 
port the work, or tht^ 

irg bit or bar. Thej 

prise cone plates^ and 
plain damping plates, or 
straps and boUs, and 
special castings within 
which lite work is carried 
and cenlred- 

The common cone 
plate occLirs in various 
forms. A ^ood patlem 
\% illustrated in Fig, 311. 
The bearin^Aslidtsflloni^ 
Ihe Uilbe bed, on which it 
if damped when required. 
The disc P, with the contd 
holes, pivots around a pin 

in its liosSf hrin^n^ any one of [he holes uppermost chat suits 
best the diameter of the work, the centre of every hole coinciding 
with the height of ihe lathe centre. The in*?ertion of a piece 
beui^ bored \% indicated at c. A &t:t bcreu e, locks finy hole 
centrally by means of the hole set opposite it. 

A hinged holder (Fig. 3**) i? useful for gripping bushes and 

liners of no great length which arc circular outside, whether 

rough or tumed> The objecCion is that sitch a device only holds 

one 5i/,c of bush. But it is a useful thing lo have for repeiil work, 

' as tJicrc ia no trouble in cffccling adjustments, and smaller pieces 

i^ ' ■ 
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can be centred by inserting loose packings, comprising eil 
fiai strips or curved liners. 

Another device (Fig. 333) consUts ofiwo brackeia of 0»e fom 
&I10WZ1, with W^c holes c;ist in thdr undivided bosses, and ftttcd 
with set screws for adjusting fhe work centraU)'. Long pump 
barrels and liners can t»e held in the Iwo brackdrts, bolted apart 
to the Ciirriaj^o of the slide rest; and it decs not mjittcr if the 
ouLside is a rough casting, to be left rough or turned subsequenlly. 
The set screws permit of minute adjustments bemg made to bnng 
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the bore central They may be fitl*^ with thin locking null 
thought desLrable, to pnrvent tbem from slackinii b^ck uiidu 
VI b ration- 
When Iming-out work for boring it is oRen nef^essary to left' 
greater allowance for machining in some parts than in others in 
consequence of the inaccuracy inseparable from rough castings 
and forgings. If iht machining alluwancL' wert removed sy^ 
metrically from one portion it wouM frequently Jiappcn 
another portion would not hold up — that is, the allowance 
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there would be insufficient to permit of t(ie b1:tck being removed, 

so that these dlowances, greater and less in arnouriL, have to be 

Averaged all over Ibc vrorki ancl it may happen that while perhaps 

j\ in. or J in. may have to be removed from one [wrlion of the 

boK, only ^^. in. or ^^ in. may be left 

for removal from anoiher. These differ- 

ence^ often give much trouble to iht- 

hner-out, and several successive seitingK 

and trials sonketiiiics ha\e to be niadi^ 

btfbre ihc casting or forging can be fully 

marlced out, and sometimes work has to 

be itimwn away because the allowancLS 

cannot be averaged without having the 

metll fll together too scanty in some 

portions. 

The centring of jobs for boring is 

done in variou?^ ways. The principat 

are these: — If a cylindrical piece of 

work has no flanges or brackets suitable 

for securing fastenings by, then \\ \'s laid 

in vee blocks, and held down wilh straps or with clips. The vee 

blocks may be !;ei by means of lines scribed on the tal:il& Work 

may Ix^ centred often by the boringcirde that Is scribed and cL-ntrc 

popped on the ends. A pointed wire is attached to the driving 
chuck, or lo the boring bar in such a position 
f I r]# that by the revolution of the spindle the 

^^ft P K point will move round tbe scribed cfrcle, 

^^^^ \iP t the work bclny adjusted until the two coin- 

I Jt'l " i '■ *^*^^^ '^ many jobs, however, the outside 

■ I I;: 'j must form ihe guide for sttiing the bore 

I ^1 'I" /' V ctJiKcnlric with, and then the boring ciri;le 
I _| — L f j^) "ttd not be struck out rhe point of ihe 

' \ \ ^^^ mxv. is run round the outside diameter, and 

Hk- 3*5- ^^ work adjusted to coincide, and then it v^ 

rrghi for boring. Fig. 314 shows such a 

wire wedged in a boring bar for the ^ettln;^ of a crane dmm. 

Another appliance used for the same purpose \% shown in Fig, 

315. In this the tase is vee'd to move round shafts of various 

diameters. It is suited for us^ in a locality where there is no 

slot into which the wire can be dropped and wedged, a, a', are 



344 



EI^GINEERS' TUJiNING. 



two pieces riveted together, a being provided with a slot at its 
upper end; B has a round hole for the thumb screw, which 
traverses the slot in a. 
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Drilled, and bored holes, especially when hardened^ as in 
case-hardened work, are frequently finished with a lead lap, 
between centres. Such a tap is shown in Fig. 326, the lead being 
cast round a square bar, and chai|;ed with emery. 



SECTION V. 

SCJ^EIV CUTTIlSfG AND TUKHET WORK, 



CHAPTER XIV. 
Screw Cutting. 

Tmwcisc lo ntch — MclhcHj Employed— Single iiml Mulliple 
LJ^cd T*n>ls— ChiLft-T*, Dies, and Taps— Screw Ciiniiig in die Cunhmun 
Luthc — The Chan^t Wli?Ht — Firs! rrinciples — Kcladant of LquI Screw, 
JMandrelt and Chauge Wheek— Kutio liiplaiin'<l — Methods r>r Cnlcul"- 
lioo^Ol*Liimng Whecb fium Fracliona -Fo&UioHb of The Wheels fflr 
Ccatv nnd Klnc Hichts — Cisinpoiind Trains— The Swing PUlc — Ob- 
ujaiiig IVliccU by Trial— Com pjunci Piuporlion — Mclric rJLchcs — The 
tieliijim between Eagli^h LliiiI Screw and ihe Milltmeiic^ Evm 
Numbers and Princ NlimtHirs — OhEaining Wheels for PrEme Niimtiers — 
Viirimii Ways c}f l^tatiTlg [-'rnblcrtiB in ScicfW CuHing — Fusimplcs—Thc 
Thrtuling Tool — Precciudons necuadiiy in Culling Screws — The Teinii- 
oaiikMk of a Scrcv Thread— Tiic IncliixAiJon uf iicrcw CuUing Tuoli fcr 
^SquHJC Threads— Hriphic McihoJ of (fbiaiuina— The Scttjimul Forni of 
Square Threadi — Form fjf Tool St'cciKU'v— Ciniinp Thrniils nf Sleep 
nich— TlrtTir^ fn>in the I.*qiI ficrrw, Hnrk wards — I-nth* Hi-fldii of 
I^KTcial F<>rm -Catching Thrcnt^s— Droppir^ in iht Cln^p Nut — Krac- 

ilignal Thieul' —Multiple Threaded Sctcsvs — llctidc] -Ntiriun Change 
Gi?ar^ — Rfvcil'Dotk Diac Cutltr — Machines used in ihc FwTnnlion of 
Shnri Sl;ich5— The I'rindjral Ktjrms Mini luarisi-d— The Woik of ihe 
I Chawr— Chown contpnred w-ilh nies — The Slan^lard Screw Threads 
, — Thr Wlii['*''^rth — The Sellers — The Sharp Vee — The Sauvsgc, op 
French— The Ddialt?, or L^i^rmon — The Thuf\'» or Hatss- iTic Inlei' 
^^htianjil — The Britiuli Aswdation— The Acruc— Uctimal EquivoleniL 

TN the formation of any scre\t there are two elemenu caiv 
I ccrrnod, odi: being lun^iludirul ^uidanCL', LUcfdon, IcLid, ur 
■"^ pilch ; the other ihe sectional sh^nin.'. Two movemerls are 
icccssary lo priKluct Iht'st" results — iht: TangTyjQin;il or uavurst;, ^ 
liid ihc circular, Thcau mtiat synchronic: perfectly in order Eo ' 
|Tuducti a tiuc 5crt;v. The rtljUions of the: tongiludirial and the 
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circular vary widely, aa (he pitch ind diameter varies, bui for any 
one screw they must be constant, and constant hoib for ihe icrew 
and \x^ nut. It is m the obaefvance of the^e rdattoi^St aimplc 
though iht-y may seem in the abstract, that the ditiiculties inci- 
dt^nial to the formatioTi of screws come in. The guidance ami 
the cutting action must coincide exactly for perfect results^ otc 
not acting as a hindrance or check lo the other^ and the cutting 
tools must be so formed that thert shall hi; no want orsymmeliy 
in the screw threads, and no lack of correspondence between the 
external and iniemal threads. The liner the threads the more ii 
the dilliculty Jncrea»Kl. The longer the screvts the greater also 
the difficulties of fitting, for any long screw will vary in pitch in 
different seclions. 

ll appears that t\ety method of screw cutting, ancient and 
modern^ survives in modem practice. Screws are originated when 
a movement \% imparted to the lool by a cam screwed upon a 
cyEmdcr, and origination is the oldest device, and one which hAS 
been effected in many w;iy&. Screws are copies of originals, u 
when former screws are uaed to give tile pitch or lead To the 
copy ; or as when lapK, or dies, or chasers are employed to give 
both the lead and the sectional forms. 

The methods employed in the formation of screws differ aa 
length varies. In long screws the guidance of the cutting ociiom 
IS effected by distinct arrangements, and in short screws the two 
actions arc i^nerally performed in comhinaiion by ore mecham*Jii 
or device. The distinction is not of a hard and fast characltr, 
since there are numerous exceptions, hut it is correct in the mutn, 
Under the first division comes the cose of the lead screw used 
as a guide to the cutting tool operating elsewhere- Under iht^ 
second come the taps and various dLes, and chasers held in 
cam plates. 

The screw-cutting tools are formed dlher vjith a single edge 
or with numerous edges- The first can only be used when the 
guidance is effected quite independently of the tool, as in the 
sere w^'Cut ting lathe with lead screw, or in the Fo3i lathi', or in the 
cam-operated movement. Those tools with numerous tdgrs arc 
also actuated by the above-named methods, but they also become, 
when the edges arc arranged in various ways rtjund a circle, sdf 
leading cutting tools, indc^pcndent of L'Ktraneous control, save thai 
afforded by the revolution of the screw blank. Under thU head 
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riU the up& And dies, ihe rbfuing tocts stt radklly in a box, 
^cd devices. 

^ cut n\ ca[^un ialhth, iind screw machines arv 

ltd hy taps, dies, and chasers. The brcmd difTerfni:e between 

and dies or t^pa j,s thai the former cut more fic^ly ihati 

[tCT. Thf UUrr, however, possess superior giijdantt. If 

Jy lijc pniiti|]k'S which undt-rlie the construction of such 

Lh« n^ult is fC«n tu be a compromise between functions 

an- cntitety opposed to each other — namely, guidance and 

aqtlccfifi^ and ^nctration- The di^Einction is well 

in a practicai wo^y, without giving nn oxpE^nation of 

ttriiw machines^ as in the vast majority of UirreL work, ibc 

dotnsy flrrangemeni of guidt^ sicrcw and change wheels has 

l\ is lou tJrdy d. p^oce^s. Tlireads must for the most 

he cut with luols wlitch combine in Ehemfielves the guidmy 

|lhr billing flctirins, ijnd the dffficuliy in sudi totjls hafi always 

how btsl lo cfTcct A worlcabiL' compromise between the two 

f o[H:rations whitti arc opposed to each other- In priiclice, 

furr, >ve find th^ir a wide range of tools has been entploycd, 

'Ijich cne or the other action hjis predominated lo the delri- 

Of the other- The issue is that 5liop practice is governed 

ic practical conditions which arc iht outcome of countless 

»ni;ms involving trial and error. 

icrew curling in rhe ccmmon lathL^^ the proportions whicli 

between tl:e pilch of tht guidi^ screw and thai of the screw 

cut, lie at the bjuis of calculating, and geadnt; up change 

tU. The [jroblem is that in which a scrt-w shdft, the pilcli of 

(annot be iillcrcd, has lo be made the mcaiis of cutting 

ihrt-iid ihoi can ever po^iiihly be ^-anted, on hundreds of 

tliaJu, or pit'cesn The toothed wheels, which are changed 

kv buck uf th^ liead&tock ae often as dilfc^renl pitches are ^ 

iiwj, arr arranged cither it) simple or compimnd trains. 

are thus cut luarser or finer or e<|Ual lo that of the tcad 

^ And single, or double, or multiple threaded also. So can 

of ditTctcnt bnnd. by rcverainy iho movement of the sUdc 

Mcilhcr tevorsalj nor the diameters of the lead screw and 

[■cit-w to hi! <ra[, nor [he sections of the threads ^iTect the 

tgcmcntji of ge^rSt though the sh4[iea of tools are ufteD 

ift«l conxidetably thereby. 
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TKc following change wheels are ibose which atc iiswl^ 
sufiplied with an engineer's larhi^: — so^ 15. 30, 35, 40, 45, 50, 55^ 
^» 65, 70, 75, 80, 8s, 9o» 95, 100, 105, no, iij, 120. With 
these there are seme duplicates^ either ao^ 40. 60^ So^ 100, or s\\ oT 
them. These duplicates :ire used for tuLting scrt^ws having ihc 
satiie pitch as the bid acrcw^ afid for revcrsak 

Though these wheels, from aa to a6 in number, cut alt the 
screws (h^t are in cDmmon use, they do not cover all the recjuire- 
ments of a Tihop. The ^;as threads require wheels of prlini' 
mimbers for 11 and 19; bur 14 and *S art' not primes and 
ihercfure sptrdfll wheels ate not essential fur eutling llitte, Prfinc 
numbere must be put mio a set of wheels before they can be re- 
produced on the thread; but any ordinary Threads can be cut 
with composite numbers of teeth — that is. muItipJes of ibc 
relations beiween lead screw and screw to be cut. The Utter is, 
of course, a ease nf convenience, and docs not dtsiurb [he pmlilem 
of ratio, which can be settled independently of numbers of teeth 
in gears. The ratio of six to iwelt'e, for example, is met by lakmg 
5lj and 120, or jo and 60, and many oihcr possible coml^nat 
besides. 

Screw cuiiin;; ofien seems difliciilt becau^it the subject H 
approached from the point of view of first principles, thus : — 
lead screw is the primal element : the laihe mandrel is 
secondary one; and the change wheels form ihe varialjle clem 
of connection. Taking the lead screw und the lathe mandrel, 
is clear that if you should put equaUsized pulleys on the end of 
each, and drive by a bell from mandrel lo screw, and during iheif 
rotation Led along a tool fn the slide rest throtigh the medium of 
a nu[ on the lead screw^ rhen a thread would be cut of the same 
pitch or rate as that on the lead screw. Substitute equaKooth 
wheels for the pulleys and t>e]t, thus eliminating possible slip, a 
the same result is obtained. 

Go a step further, and consider the change wheds as stm 
a convenient device for changing ihe ratio bnween the speed of 
ToUtion of the lead screw and of the spindle, so atre/traUtii 
rtlardin^ the rate of traverse of the slide rest relatively to 
revolutions of the spindle and the work which it drives, and 
problem is at once clear. 

Ralio in screw cultinp is therefore only tht proportion which 
exists between die pitches of two screws^ ohlained by dividing o 
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hf iht olhtT. Thus "^''^i" 3 guide scre^v of four threads per inch, 
Lo cut a acrt:n~ uf ten threads per inch the ratio \& 

4 -i- ID - 0.4, ' — ^ 

and Ihc change wheels must have the same relation, aa, say 100 
M^A 40, and proving : — 

40 -r loo = 0.4. 

Tutting it in a graphic way ; — A lead screw of two llireuda per 
inch — Fig. 327, a— moves the tool i in. at each revoluLiojii and if 
equal change wheels were interposedi 
the thread cut b, would be of J-in. 
piteh, and we should have equal raiios- 
If four thrtads ptT inch wcie required^ 
ihe ratio would be as 4 to *, c. If eight 
threads per inch, the relaiion would be 
A£ 8 lo 2. If one thread iier inch, tlie 
ratio would he oa j to a. Double 
ihreads, as at £>, are of twice che pitch 
of 0, or &» I to z, one tbrcad l>cing 
interpt)latod between another, the two 
being indicated Uy a ti. b Ik 

Frcrni lliis starting point of ratio 
the change wheels can he obtained either by culcLilaMon ba^*d 
oil the ratFus ur by the nielhud of adding cypbera. 

I'or (fislancc, the rotio of S to 2, which is the sume as 4 lo i, 
can be goi by fixing ur one wheel, and deducing another, tlius : — 

So teeth 4- 4 = 20 tetlh, or 
loo teeth -t- 4 = 25 teeth. 

The higliest ratio obtaijiablc in a single tr^in in ordinary 
sets is: — 

and these wheels, with a lead jjcrcw of j-in. pitch, wuiild cut a 
pilch of one si-itlh of A = i j lo the inch ; or, revcrjiirjf; thi' wheels, 
<aijn>o5ing ihe big wheel could be got on the spindle end, si\ 
bmcs J-in- pitch, or a ym, pitch, llcyond this raliu cotnpound- 
mg becomes necessary. 

The ulher method, thit of adding cypher^ can be stilcd 
limply thus: — 
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Place the numbur uf threads in the lead screw for a numeraTor, 
and the number of threads rn Iht: screw to be cut for a dtnomi- 
nator, a.iid add a cypher to each to obtain the numbers of teeth in 
tht change whecU. 

The pilches of guide screws are denoted by a sin^^le figure. 
Thus, A Strew having ftjur threads jjct inch, or J-in, i»itch, is of \ 
pitch ; one of two threads, or J-in. pitch, is a pitch- If a thread 
of \-\ti. pitch has to be cut on a lathe with a leaci screw of ^in. 
pitch, the ratio or relation stands thus: — 






Froni this fraction the wheels ^ are obtained, or — , or — . 

either pair of which will cut the screw of {-in. pilch, provided the 
larger wheel is used as driver^ nnd the smaller as the driven, 50 
accelerating ihc traverse; of the slide rest. 

In obtaining the wheels from the fraction - it will be observed 

that the relation or ratio p[ the numerator and ihc dvnomintlor 

has not been disturbed. In the Rrst ca^e we multiplied ^ by i^^| 



makinEi ^. 
ao 



So 



Then we douhW this, making — ; then we increased 
» -- ( ^° 

~ by half, making — Or we could have multiplied by 5, which 
10 30 

it is often convenient to do : — 



4 ^ 



5 = 



?o 

To' 



J 



only in this instance it would not answer, because lo-looth wheels 
are not in a set. 

Beyond the question of ratios or nunLlx:r5 of teeth, the poaiticns 
which the wheels have to occupy must be understood. 

If a thread has 10 be cut of coarser pitch than that of the guide 
screw, Hheni wheels bein^ selected having the required relation, 
say, of two to one, the larger wheel must be put on the spindle, 
and thi? smaller on the guide screw. This has the etTtct of 
rotating the latter twice while the spindle turns once, and so draw^ 
the slide rest along a disianre of two lead screw pitches, while ihe 
toul in the rest cuts one thread. If, however) the screw tu be cut 
is finer than that on the lead screw, then even though the 
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wheels should lie used, their positions will be reversed, and cht? 
slide rest will be Iravcrsed one lead screw pitch, while twcj threads 
are litirig cut on the work. We therefore dciduce the following 
fiindani<?rkUl rule:— 

THl- pitch of the lead screw is to the pitch of ihc screw to he 
cut as ihe mimL>er of leoth on the spindle wheel is to the number 
of teeth on the lead screw «hccL 

Ot, puttin^^ it in another way, for threads tiiiL^r thati that of the 
guide screw, the spindle must rtrtaie/jj/fT than the guide screw ; 
but for threads coarser than that of the guide screw, the spindle 
mtjsl rotate at a s/oti'tr speed. In the first case the traverse of 
the slide rest is retarded i in the second it is aaekrafcd \i\ relation 
to the spindle. 

When pitches become very fine or very coarse, the simple 
train gives place lo the com^wund, 

Say a screw has to be cut with sixteen threes to the inch on 
\ lathe with a screw of J-in. pilch, ihen 
i6 _ t6o driven 
4 40 driver' 

^bowiii^ rhat a wheel iif ifto teeth is re*iiured for the guide screw, 
and one of 40 for the spir^dlc But i Go tie^ ouiE^idc the limits of 
sets of change wheels. The numbers, however, can be divided, 
and ihc ratio maintained thu5 :— 

iGo . _ fto driven 

40 ' 30 driver' 

and so the dilficuHy can Ut ^-ot ovtr. But soon with still finer 
pitches this device will fail- TaLe a thread of 32 pitch ; then 

a? - 3£5 

4 4» ' 
and if we halve ihe resulr, the numerator is still too large, while 
the denominator is the smallest wheel available. It b nccessaryi 
therefore, to find among the whetis those the products of which, 

when divided, will give th<? reladon ^, thus: — 

8 ^ 4 ° J' 
2 X a = 4, 
Then adding cyphers, 

tto X 4a 
so X 30 
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will cut iho ihread, Ihe smaller wheels being xYtt drivers, and 

Utgcr ihc driven. 

Supposing it should be undesirabk- to u£e the vrheels just u 

Ihey hland, in consegnenrf, say, of nut knving iwn jo-tfiolhad 

wheels, or in some casci due tt> diflitullies in gearing up: ont 

driver and one driven can be altered in equal proportions, and 

th (J relations will remjiiii unchaiigi^l. Thus, increasing twu vplied 

by one-lbird ;— 

So X 60 \2o !^ 40 
.— - — . or 1^, 



20 K 30 
or, iwo by one-founh : — 

So X 50 



ur 



30 X 30 



too M 40 



35 X IQ 

— any of whicb c jni I w nations would cue thirly-lwo threads* 



*:0^ 
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In Ji>in|^ up Jic wheels, one driver j^oes on the spindle, 
one on the stud of tlic swing platt. This same stud receives one 
of the driven, while the lUher driven j^iits on ihe lead sere*, 
Either one of the drivers, or either one of the driven, may jp> 
the Etjd without aJTecling resultSj convenience alone beinj; sludt 
in iheie arrangements. 

Fi^; 32S shuws simple troin for ruilinp a thread liner than 
that on the leiid 'it'rew : a !ipindle wh(-el, 11 lead screw dillo, 
intermediate whidi connects \ and H, but doe^ not alter their m 
It is selected of any sii^e most convenient for jjearing upi 
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causes the lead screw to rotate in the same dircetionas the spindle, 
so feeding up towards the headstock. 

Fig. 3*9 is a compound train^ also for a thread finer than that 

^- * 
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on the lead screw, a, a being drivers, a, 11 driven. In Fig. 330 the 
condilions are reversed for cutting a coari^er thread than that on 
the lead screw- Fig. 331 shows the affinj^ plate at a, which pivots 
around ihe le^d screw al e. 'L'he plate carries the stud or aiuds 
for the intermT^diaie gears in its 
slots. In a simple train the bttcr 
is ^mply an idle wheel, or wheels to 
connect the driver on the apindlc, 
and the driven an the lead serew^ 
causing (he iaiter to rotate either in 
the same direction or in the opposite 
direction from the spindle, for right 
fir left-hand ihre^ids. In a com- 
pound train, one or more sets of 
drivers and driven are carried on 
studs in the slots of the plate. Be- 
sides the movement of the studs 
in the slots there is the luming 
movement o{ the r-iuadiaut on its 
pin al the end of the lead sere*, hy means of which the sluds in 
the slots can he thrown out of line with the centres of lead scre^' 
and spindle. These odjuatmerts permit of wide variations in the 
numljcrs of gears that can be brought into engagement between 
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the fixed centres of the spindle and the lead screw. But it iw»- 
theless happens that gears witl be calculated that cannot be bnngbt 
in» even with this accommodation, and then others must be reckoned 
out 




Fig. 33>- 

When connecting up change gears on the swing plate, tbe 
lathe must not be started until the wheels have been tried with 
the hand, to be sure that the teeth are not jammed and bottoming 
too tightly. If they are, they witl strip off on starting the latbt 




Fig' 33^ 

A very slight amount of backlash must be allowed, which isDf 
no consequence when the wheels run in one direction- 

Thc studs (Fig. 332) are made, one for a single train to tab 
the intermediate wheels, the other double as long to take t«o 
wheels side by side for a compound train. They have fliV » 
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slide in the slots in the snini,' plaLe without turning, in which they 
are boiled fsist after adjiisrtnems have l>jt^n elTe^^ied- 

Wc have been considering methods of obt.iining change 
wheels regardless of the inconvenience of having to shift the 
!<pindle wheel frecjuemly. This is someiimen undesirable, especi- 
ally, when, as in some old lathes, the back bridge has lo be removed 
each time of changing. In ordeT, therefore, to leave the spindle 
whrel uniourhed, ihe folh>wina rule can be taken : — 

Multiply Iht number of teeth on the spindle wheel by the 
number of threads to be cut. Divide the product by the nii/nber 
of threads per inch on the guide screw. The result will be the 
number of teeth required in the wheel on the guide screw. 

Suppose the spindle wheel has id leelh, and the lead screw 4 
threads per inc\ and (hat a screw of lo threads per inch has to 
be cut ; then 

30 K to too 

4 4 ^ 

A 50-toothed wheel will be wanted on the guide screw. 

The case of fractional pilches is really included in the fore- 
going niles, iiiiice these arc bet down m the manner of a whole 
prtch- For eKample, to cut 12J threads pur inch, wilh a lead 
screw of J-inch pilch, multiply by the denominator of ihe fraction, 
thus:^ 

ratio of 35 tu S, which can be obtained by wheels, 



giving a 
thus: — 



£5 






X z = 



J 35 being a special #heel otiLside the usual rant^e, 40 w|ieel the 
dnvcr, and laj the driven. But ordinary wheels caji be got tltuSi 
say: — 



»S 



X 10 = 



250 
"So" 



"Tier breaking up, -5 — ^, increasing two faclors by ten, 
g- , and then mulliplying two factors by two o * *^ 

and So drivers, and 50 and 100 driven, will cut the thread of lal 
to ihe incli. 



Take a pitch of izj En the inch :^ 

We must break up into a compound train, siiy ^ — 

SI ^ 3 X 17 ^ 30 > no 

i5 2x8 ao X Sc ' 

A^ 170 is a wheel not in the set, we must substinile two othc 
wheels by cancelling, thus : — 

20 K 40' 

The ratio between these will be the same as that which etisK 
beLwcen \ ? j and 4 threads per Inch ; and 20 and 40 vi'iW be 
drivers, and ^o ard 85 the drivtin. 

Decimals may be used instead of vulgar fractions, as 

Jg-75 
4 ■ 
and wheels he deduced ihus : — 



> 4 = 



16 * 



Or, 



a.nd so on. Somi^timcs decimals, as in half threads, lend Iht^ 
selves TO the getting of numbers ai once, thus : — 

io,\ threads per inch = — ^ ^ =-^ teeth. 
4 4*^ 

^ = ii teeth, 
4 40 

It IS well to know how lo test the accuracy of calculaii 
especially when lliey become intriciiie, before taking a cut, tbo 
a line can j^'euerally be run round a job and measured. 

Tht test is Ijascd on IHc^nnciplo thot the same ratio 
proportion exists between the driving and the dnvcn wheels, 
that of the lead screw and the screw to be cuL Hence 
rule: — 

In a compound train: Multiply the driving and the driven 
wheels Logeiher, und divide tht product of the driven by the 
product of the drivers. Then multiply the quotient hy 
number of threads per inch on the guide screw. The rcrolt' 
the number of threads to be cut. In a simple txain the nuoi 



I VI 




SCREIV CUTTING. 

\<s single driven wheel ts divided by thai in the single 
driver. Taking the simple train first given for euiting a screw cf 
i-inn pilch with \ \-\tl pitch lead screw, with wheels -.— 

40 driver 
to dnven' 

40 «- 20 = 0.5 X 4 = 3.0 threads per inch to be cut. 

Taking the compound (rain for 32 threads per inch to be cut 
with wheels: — 

Driven 80 x 60 = 4S00, 
Drivers ao >< 30 = 600, 

43oo -^ 600 = 8 X 4 = 3» threads [ler inch lo he cut. 

Of, 12^ threads ar»d j in, pitch of lead screw;— 

50 It 1 00 driven - 5000, 

JO X So drivers = 1600, 

500Q -^ 1600 — 3.125 X 4 = 12.500, 

Next lake 12J threads to the inch, guide screw of 4 pitch : — 

30 X 85 driven - ^S^f^, 

zo X 40 driven) = Sao, 

2550 -!- Soo - 3.J875 K 4 = 12.75. 

Another way of calculating change gears is hy the rule of 
ibree. This follows fiom the fact thai the relation or ratio 
between the pitch of the lead screw and that of the screw to be 
cut U the same as that which cjiisis between the wheel on the 
Lathe mandrel and thai of the lead screw. 

In this case a wheel js selected at random for the spindle, the 
general rule for its choice being ihar a small wheel will be more 
convenient if a fine thread has to be cut, and a lar^e one if a 
coarse thread. This is to permit of gearing up to tht beet 
advsritagc. 

Say a pitch of 8 lo the inch b required on a lathe with a 
4-pitch guide screw. Put a 40 toothed wheel on the spindle. 
Then the sum stands thus:— 

4 : 8 ; : 40 : wheel required. 
Then— ^* = 80. showing that an 80-toothed wheelis required 
OD the guide screw. 
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Take j threads per inch, and put 40 on the spindle- Then — 
4 : .^ : ; 40 : whct:l required. 



-4? = 30 teeth. 



A whed of JO teeih will therefore go on ihe gJide screw. 
If a 60 wliecl weri; put 011 ihc .spindle, ihcn 

4 : 3 : : 60 i 45 on guide JicreA-. 

Requiring a screw of 1 6 threads per Inch* and wheel 40 on the 
spindle, 4 : 16 x 40 : i6c, which is much loo lar|,'e. Eithw a 
smaller whei-l must go on the spindle oy a comjwDund train be 
used. If 30, 25, or 30 vheeE be put on ihc spindle, cither wiU 
give gear^ to cui the 16-rate thread, thus ; 

4 : j6 : : 70 : So 
4 : r6 : : 35 : loo 
4 : 16 : : 30 : I30 

It will frequently happeti that wheels in compound trains have 
to be obtained by 1 process of trial and error. Taking, saj,* 
screw of 30 threads, we sdeci two drivers and one driven tC 
random, ^ni3 then find the other driven, remembering thai ttu 
products of cadi give the proponiors required. 

As the thread to be cut i^ much finer than the leiid screv 
thread, we scJecl two small gears For drivera, say 20 and 30, and 
a hrfte genr for a driven, say 75. Then by compound pro- 
portion ■ — 

4 : 2Q :r 30x30 : 75 x second driven required 
gojtlc »crew Et> 



I 



be cut drivers 

30 X 30 X 20 



= 40 second driven gear. 






75 « 4 

30 or 30 will go nn ihe spindle, and 75 or 40 on the guMe 
screw, and one driver and one driven on the stud, the choke 
often depending on how the wheels gear up best for ct^nucs. If 
they do not come in right, the CLilculation will h;ive to be gone 
'over again, selecting wheels with more suitable numbers of leel^ 

The proof is : — 



Driven 75 x 4° _ _ 
Drivers 30 M 30 



X 4 = ao threads to bc cut. 
guide 
screw 
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The Cd$c of TTietnc pitches is one thai arises more frequently 
now than formerly. A ^jood many lathes are now made with 
iit^ric lijail screws. »hich &implifit:s maUer^at once. But generally 
if metric threads have to be cut in the smaJler English shops^they 
must he done on lalht-s with English lead screws. Two courses 
kre open, cither to gel a whtcl o{ 63 teeth or one of 127 teeth, the 
tatier reducing error due to conversion of pitch to ^^^ inch 
)n the length of tht metre, while one of 63 ttcth leaves an entjr 
>f about Tj-J-fl inch on that length. 

To understand these relations it is necessary to remember a 
ItatcmcQE previously made that "the aame latio or proportion 
»iusi exist between the driving and the drivtin wheels, and that of 
lie Jead screw and the screw to be cui." Or, putting it in another 
way, the ratio between the driving and the driven whecU wuit be 
ttf as Ihat between the complete numlier of threads in a 
length r/f ihe screw to be cui and the same length of the 
screw. 

The metre measures 39.37079 in., and a millimetre is the 
thousandth part of this length, aay 39^ in- In a metre length cf 
lead sere* with 4 threads per inch, there will be : — 

1^9» K 4 = i57i threads of ^-in, pitch. 
le ratio between these and the millimetre threads in the 
length is -.— 




1000 



Kviding these factors by 3.5 to reduce to lower equal numbi:rSf 



*3 
foo 



1000 400 

, ihercforc, is a constant ratio applicable to lathes which have 



k-fld screws of J-in, pitch. 63 has now to be multiplied by the 
pitch to be cut, m millimetres, thus : — 

Say a thread of 10 mm^ is required, the calculations stand 

63x10 ^630 

400 40c' 

ind -^- are the relations of the change wheels required. 
400 
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Breaking the Faclors up, we may obtain by cancellmg — 

630 63 X 30 

400 20 X 60 

As 10 mm. (0.3937 {\\.\ ihc iicrcw lo be cut, \s a coarser pitch 
than ^ in., the pitch of the lead screw, the larger wheels, fijand 
30, will be the drivers, and (he smaller, 10 and 60, ihe driven. 

The proof is :^ 

20 X 60 driven 1200 . 

T ■ = =0.63402. 

63 X 30 dnvere 1890 

And since ^ represents ihc relation between the pitch of ihe 

English lead screw of j-m. pitch and the milUmetre, we can 
divide thu£ i 400-^63 "-6.3492, and 6.3492 i£ a constant ratio 
for a pilch of i mm. And 0.63492 x !□ mm. = 6.3492. 

The ratio — is only correct for lead screws uf f-ir. pilcL 



400 



&3 



For a lathe having a J-in. screw the ratio i« --^. 

800 

There are two classes of numbers- those which can t? 

divided without a remainder — the even numbers, — and those 

which cannot be divided without a remainder As the formn 

art' by far ihe more importani in screw cutting, they are almott 

invariably embodied in the lead scrtw, the exceptions being one 

and two, which, though primes, are units that are capable oJ 

mult J plication and fraciJuniiiy, -sometimes termed ^'squart' primes.' 

'I'he prime numbers up to 97 are J, 2, 3, 5, ;, 1 1, 13, 17, 19, aj, 

39- 3'i 37- 4»> 43- 47r 53. 59- ^i. 67, ?'> 73. 1% ^3, S9, gj 
None of ihc^ numbers except one {•& capable of expression in 
tL-rms common to each other. That is, you cannot divide and 
subdivide, say, five, to bear equal relations To divisions of ihree, 
aeven, nioci eleven, and so on. But four, however often it is 
equally subdivided, will have its minutest fractions exactly related 
Ic; eight, twelve, sixteen, twenty, and so cm, 

A&, therefore, prime numbers will not adm:l of aliquot suli 
divisions among themselves, while the other numbers do, the 
reason for having lead screws of four threads, or two threads to 
the inch, is evident. Three threads to the inch are cmbodntd 
in some lathes, but the prime three must be neutralised by a 
wheel based un that prime for all threads excepting those which 
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flics or three. Tvro, Tive, and seven are primes, dnd 
•refott not di^i^ihfe by three e«acll>'. There musi he 
idl jiarti* iM the dtvisiun of onu prime by dnolbcr, anJ this 
Lhc greatest difficulties, real or ftpparcntt come in vrhen 
change "-heels. 

prime mimbcfs, Bay ij, 17. and 19 threads per i neb. 
:w of two per inch, the fractions stand : — 

7 n ^ mandrel 
13 17 [9 screw. 

[iry multiplying by lo, the wheels are not ir an ordinary 



ID 10 20 . 
130' 170 IQO 

ipcnmd trains miLst be looked up. 
ling with ^ K 5 — — . equivalent to : — 
10 X 50 drivers 



J ^ 5 
10 X 6,5 



K 10 



roo X G5 driven 



2 



I X r 



20 X ICO 



17 X I 170 X too 

JO X 50 d-tivera 
85 ■ 100 drivtn 



, subiilituting 



I X [ 



30 



substituting 



(9 >9K I 190 LOO 

10 M 50 drivers 
95 X joo driven^ 

^reding pangraphs mtio has been considered as 

'tween the numbLT of threads to he cut and the 

threads m the lead screw referred to i in. in lengtlu 

fraciiojial pitches, ii refers lo a greater lerigth, 

ntimbLT of turns of each is accomplished, 

Ed^Ut 18 threads in a length of aa} in. with a lathe 

M:rtw of J-in, pitch* the case may be put ibiis : In 

ti a»J m. there an: aa^x4 = £9 threads, and in that 

rmt 10 cut iS ti^reads, hence -| is the relation betn^een 

18 

As ihe thread to be cat is coarser than chat on the 
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lead screw, the lai^ef gears will drive, and the fraction 

thr^dsmlead^cr^^^flg^dm;^ i, nghily piac^d. 89 ind iS 

threads lo be cui iS driven t> ' ^ 

ItMDthed wheels would suit, but S9 is a prime, and iS no! in 3 
set. Neither la a mukipk or aliquol part of S(j available b a 
eetp But we can get Romething very close. The relation ot^ 

-5 is 4.944 = the ratios of the screws and of the drii'er and driven 
gears. Make the figures 90 and tS. Then ^, = 5- Thii^ dit 

lb 

\ crepancy inay then bt- reduced by lessening the factors by one- 
eighteenth, making ^ = -^, the ratio of which is 4-941, verjr 

near the mart. Wheels can now be deduced thus \ — 
S4_ 7 X ia__ 70 X lao 

T? 17 X I 170 K 1q' 

Halving 170 and doubling io-l^iH?4^1)^' 

85 X ?o driven 

There are also unusual methods of putting siniple prol4eTnt 
Thus, to cut a screw that will traverse a nu£ the twentieth part of 
5 in. at the hfth of a revolution. 

Clearly in one revolution the travi^rse is five-iwennelhs of 3 in. 
— that is, one-fourth of 3 in. — so that the pilch required is j in. 
Supposing a Lead screw of t^vo threads per inch, Lhen \ in. being 

coarser than \ in., the relation may stand thus : ihitt is, rherc 

arc ^K threads of lead screw in 3 m., against four threads of | in. 
in the same distance, and the larger wheels must drive. 




. J 60 30 lao driver 

And — or ^ or - — -—. 

40 10 So dnven 



will cut the thread. 



I 



Again, to cut a thread that will traverse a nut the twenLidh 
part cf 3 in. at the fourth of a revolution- In one rcvoluEion the 
traverse will he four-twentieihs, or one-fifth of 3 in. = five thretds 

ID 3 in-, and the ratio stands - ^t:pre5enting the number of lhread» 

in 3 in. in lead screw and screw to be cut 

Therefore, — or ^ or -- will cut the thread. 
50 Z5 too 
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A diflereni ^^•j of putting sCTew-cuiling problems is this:-" 
To cot, say, 5J ihiciiilJi per inch wiih a lead screw of two per 

inch, the chance wheela must be aa I to si or -,—,-. — , or —. 

l\ dnven ai 

Multiply by numbers in succession until numbers corre- 
sponding with change wheels are obtained. Thus : — 



91 


xa 


]6 
4» 


2f 


><3 


_'4 
63" 


8 

91 


X4 


^3^ 

84" 


3 


>f5- 


40 


?i 


"'^5 



The first three are useless, but the fotirlh trial gives us 
numbers availahle. 

The calculation and the setting up of change wheels are only 
Ihe beginning of the ^v□rk of screw-cutiing. The threads have 
to be cut truly and smooth, so that thc'rc shall hi- neither 
tight nor easy fitting of the screw in any part of its length. As 
all vee Whilworth threads have to be chased, u is belter in 
turning lo leave them a »hade full rather than bare. 

The threading cool is ground to an angle of 55', tested in a 
screw gauge, and ther bacted olT slightly for elearance. It is 
set lo ihc work by a screw gauge, one edge of the gauge lying 
against the edge of the work» while the point of the tool is brought 
up info the vue^ and clamped thus- Its height must coincide 
exactly with tbt lathe centre. 

Before commencing to cut, it will be well to set the point 
of the tool up lo just touch the surface of the work* und ^l Lhe 
micrometer index on the boss of the tran^verae screw to Eero, 
Run back the tool clear from the end of the work, and then set 
it for a light cui ; put in the clasp nut, and take a cut. Several 
cuts are then takc;n until the depth of the thread is nearly 
reached, after which ihe chaser is brought into service, both to 
finish the sides of the threads and to rojnd the tops. Hand or 
!ilide-rest chasers are used- 

A mailer which is fiJti^ibly im[>TfVie[l upon a lumtr who is 
not careful is the termination of a screw ihreud. A good plan 
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is to drill a hole ihert? for Ihe tool to hni&h in ; but it is neceaury 
to slow (he laihe down as the end is bein^ reached and to \ast 
the traverse handle of ihc rest ready for Jnslanl running back, 
A quick withdrawal device greaily facilJlales this work, ll is 
betLer also to pull the lathe by hand for ihe last thread or two 
of the cut until skill is oltaincd in this kind of job. ^oapy water 
\t used freely for luhricaring wrought iron and mild steei. Oil 
may be tmployed allcniaiivcly, as it Js better for the haider lunds 
of steel. 

Sctew-cuuing toals have their cutting angles of 55" or 6»\« 
otherwise^ formed in ihc plan*; of chc longitudinal a*is of the 
cylinder. As tho angle, and form of the threads varies with 
their inclination, whJch 
depends on diameter, clear 
ance in thread-cutting tools 
is given suflic]<:ni in amount 
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to auit all singlv threaded screws, Thf diagram tKiy. 333) iIIib' 
ttates the fact that cltarancu vories with ibc inclination t>f the 
thread. 

No trouble arifics with the inclination of screw-cutling loolb 
for vee threads, but difficulties occur in cutting square threads ol 
(juick pitch (Kig. 334) doe to ihe change of anple from tip (0 
root. Hence il is well to mark out the anglt of the thrtad, both 
ai root, and jKiini, and ^ind the clearance on the tool by the atd 
of the diagram. 

The diiimeter of the screw at the top and bottom la th^wn 
marked out (Fig. 335), a^ fi, rcjiresenting ihe circumfercriM* 
itspectivcly of the diameters a, and fi i\\ Fig. 334, but on i 
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smaller scaJc The base lengths c, ^, are equal to ihe pilch* and 

iherelore aJtke. The diagonals or hypotenuses d^ g, ihow the 

dJiglc of the ^crew ihrc:ad at (.he top ^ind 

botiom of Jhc Ihtead Tbc diflTerencea in 

these angles are the res^son why the side 

clearance ofliireading tools changes in relation 

to Ihe thread bemp cut. If made n^ht at the 

start, they will he wrong at the finish. And 

the steeper the pitch, or lead of the scrcwi or 

worm, the more marked is the difference. On 

one side the clearance angle will increase, on 

Ihe other il *ill diminish. The tool most bt: 

ground right on one *^ide for the Man, and 

nght on the oClier for the bottom of the cut. 

The tool will therefore bt ground as sectioned 

in Fig. 334, AH representing the an^^le of the 

It^m^ i^^Mi corresponding^ with that at thi: 

bottom of the ihread, with clijarance ; a c, thai 

Jkl iht icp, ulso with dearuin:e, and the dilTer- 

dice between these angles and those of tht' 

diagonals d, t (Fig. 335), h the *iHghr amount 

of clearance which is neeessaiy over and above 

that due to the angle of the thread. The clearances are equal in 

amount. The lop of the tool is ground at a right angle with the 

line A'D which bisects the two sides of the looh In cutting in- 
lernal threads the opposite conditions 
will tixiii in regard to angles. 

Squarc'threaded screws of quicl: pitch 
are always thicker at the lop of ihe thread 
than they are at the bottom. A nut 
therefore L:amiot be made to fit them all 
the way down if divided and clamped 
from the ouiiJdc, which expUins why the 
lead sCT«ws of lathes are not strictly 
square Jn set'iiun, but eitlier have ihdr 
sides sloped slightly, or their lops and 
bottoms rounded, or both. 
The uplanation of the difference between the thickness of 

the ihread at top and bottom is this, (hat the steep pitch screw 
affords an approximation to a groove cut parallel with ihe axis of 
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ihe screw. In ihe Utlet eiHreme case the sections would be is 
shown in l-ig. jjti, a corresponding with tht apaccEi cut, and £ 
with Ihu screw threads left. The result is a niislit of the ihTcad 
in its nut, as in Fig. 337. The steeper Ihe pitch, as, say, in 
treble-thftadcd coarse pilchcd screws, ihe ruciie marked \5 tht 
ditference^ while in fine pitchi^ ard single Ihreads, the ditfcmncc 
15 liardly |Mrrce[>lible. This also eitplainswhy it is so diffkruU to 
fit solid nuts as easily as divided ones to such screws, and why it 
is the practice in many Jobs, ^s valves, and cocks, to cast braa 
nuts around their screws. 

The tool for cutting tht^ square thread in 
a nut must be wider at the point thnn behrnd, 
if nut and screw are 10 fit all down the side 
oF the ihreadj and its sides must be ground 
convex. The thread space is cur to ihe full 
depth and parallel, and another cut is then 
laion \o widt-n it, and givtr ihe slope to the 
sides. 

To obtain the e:iact shape of the tcolt a 
bar can be iflken of the same diAmeter as 
that of ihc fcrcw, a hole drilled through it at right angles, and 
a metaJ plu^ inserted. Cut a short length oi ^crew on Ihe 
bar, similar to the one required, including the plug stciion- 
Thei) on knocking out tbc bttcr, the shape of the tool 
be seenp 

A prohlem which arises more freriuently now than rormer! 
is that of cutting threads of stcqi pitch, or lead, for multipli^ 
threaded wornm, as weH as for ordinary coarse threaded multiplr 
screws used for eflccting rapid endlony movements. The worais 
are required chiefly by the dennandii for reduction gears for 
decirir cranes. What has oficn ha|i]>t^ned in the attempt 10 cut 
these is that the teeth of the change wheels have been stripped 
ofl^by the great strain put upon them, in consequence of th^ fapid 
and severe pull on the rest. The remedy is, instead of driving 
from the spirdic through the change gears to the lead screw, lo 
drive backwards from ihe lead screw through the change gears in 
the spindle. The spindle speed ih then uiuth slower than in the 
ordinary drive. When the common lathe is utilised thus, all that 
is ritn^sary is to put a plain pulley on the end of the lead screi*. 
and drive it from the main shaft, or from a counicrsliafL, rcmovirifi 
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the hek from the lathe cones. The drive must be pnwerful 
enough to pvill the lathe c^rria^c alon^ aX ^ very slow speed' 

Hut several laihu head^ now include specml devices for the 
cutting of Sleep screws. One oF these is shown in ?*ig- 3j8, 
dcvisL^d by Messrs T±x\^j/s^i in which it is not necessary to |"eflr up 
heavily to cui screws of quick pitchy but iht drive taltes place 
wilh ihc back gtars in, driving the firs! wheels ai the same speed 
as l^lL' cone pulley, instead of at the spindle speed. In other 
words the driving is from the cones ro the yuide screw instead of 
from the spindle directly to the screw. The back gcarj^ves power 
for turning, and the change wheels effect the traverse, ] driving 




cones direct, speed is obtained for rapid traverse al once, 
without heavy gearing up from very small to very large wheels, or 
equivalerLl compdund tratiis. 

In ihc Tangyc head (Kig. 338) the clutch A is used to throw 
in the spindle^ or the cone drive, to the left for the first named, to 
the right fur the second, effected by the knob M. The resuh of 
moving the clutch to the right is the some as though the ftrst pinion 
for screw cutting were brought into gear with the cone pinion Q^ 
This effect is obtained more conveniently by the clutch A sliding 
in, and turning with the jjinion k» which pinion heconies the first 
motion to thi? inter rnedi^ite reversing pinion u, and pinion K 
ginning the Irain of gcara. The pinion c, the tirst in ihc hack 
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gear, and its enclosed clutch is faal with Ihc cone pulley, rcceivii 
its motion iherefrom. One of the Bradford lathes has ptovisit 
for cutting scrtws of coarse pitch. It will cot screws of one Lbreai 
in 4 ijic)i03, or coarser by using thu bock gear lo drive the spindlei 
whik' the largd cone gear drive*; the screw through a irtin of 
change wheels. As the back gear has a ratto of lo to i, if tfce 
spindle makes one revolution the screw n^ake^ terif causing the 
carriage lo travel icn limes faster than in ihe ordinarj way. la 
one of the Lang hcavj' treble-ficured lathes, in which the driving 
cones are ca a spindle, separate from the main one, the change 
from Jipindlt drive lo ccnc drive is cflccit^d by jjearing an inter- 
mediate wheel on ihc swing plate cither with a pinion on the end 
of the m:vin spindle, or wirh one on the end of the cone spindle. 

One of the difficulties of the screw cutter is that of catchij 
the threads \i\ certain cases, If a thread can be cut comph 
and i^crfectly at one traverse, this difficulty does not come fnf 
But as most threads require two, or more traverses, the tool has 
lo be set in escacily, so that il shall start right, and iraverie 
precist^ly ihf ';anie path \n each traveisc. Some lathes are filted 
with an indes device to ensure this, but ihcae arc rather exceptional. 
Another device is the hacking belt, which isfritedtocomparaiii 
few lathes. 

If a Ihread bemg cut is of the snme pitch as, or an aliquot 
of the pitch uf the lead screw, ihc clasp nut can be dropped 
engagement at any part of the traverse. But in other caaes it will 
not do so. The way lo test whether this is the case or not, is lo 
divide the pitch of the thread to be cut by the pitch of the lead 
screw, when if there is no remainder, the clasp nut will engage 
anywhere. Thtis threads of 9, 4, S, 12 to the inch give no troubl^H 
with %i lead screw of J or J-incb pitch: — '2t4 = ,s; 4~^4=^I^| 
12-^4 = 3, In any problem of this kind, however slated, Ih* 
essential is thai ihe carriage when run back must pass over a whi 
number of threads both on the screw being cut, and on the Ici 
scre»\ In other words, fmd the least common multiple for Ihi 
distances, wluch will be Ihe leasi dintanec the carriage ca^n travel, 
plus a little extra length, ^say an inchn for making a start. 

The object of ascertaining the correct locations for dropping 
the clasp nut for starling a deeper cut, is to save the slow backi 
revolution of the mechaniam by pulling at the belt by the hj 
which would keep the tool in its cut, but be a fearfiil job on 
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screws, and biggisli hlhes. The object of a biLcking bell it the 
same as this, power being iised to revolve the liihe splndJe rapidly 
hackwardsn ard so also run ihe carriage back, wiltioul inierfenng 
with the seltm^ of the tool. tJut lL is ui^ually quicker to withdraw 
the U>ol .ind rack the carrii^je I.Kick rapidly by hand, the clasp nut 
being meanvshile thrown out. The ataning point is determined 
by a stop or 3 distance piece set from the headsiock, at which 
location the cl^p nut is thrown in again, and the cut started. 

In dealing with fractional lengths^ it must be remembered that 
the lengths ascertained in which fractional threads total to whole 
numbers, musi cither be equal to, ar in excess of the length of 
thread to be cut. Thus if setting has to take place in a length of, 
*ay. 7 inches^ this seeing must be taken, even though the screw to 
be cut iverc only 4 inches. And if the length to be cut were 8 
inches, the carnage would have to be racked back, not 8 inches, 
but a multiple of S, as i&. 

The ciittijiR of multiple-threaded screws causes a good deal 
of trouble, since to the difficulty of setting the tool for a single 
thread, there is added that of setting In the Lool also to cut two, 
Ehrve^ or more threads exactly equidistantn Devices are designed 
to ensure exact setting, but nearly always the turner has to set by 
the wheel at the end of the spindle and the one that engages with 
it, making chaU marks on certain teeth, and looth spaces thus :— 

If a double-threaded screw has to be cut, a spindle wheel is 
selected that has a number of teeth divisible into two equal parts, 
as ao, 40, ic. Take the cut for one of the threads. Then divide 
the leelh of the spindle wheel into equal numbers, and chalk the 
coftesponding tooth spaces. Chalk one toolh of the driven wheel 
which gears with the spindle wheel, making the mark op|Kisite its 
tooth space in ihi; spindle whcL-t. Lower the wheel plate, and 
turn round the tathe spindle until the opposite looth space 
chalked is made to ^ear with the rlialked tooth of the driven 
wheel Lock the plate, and start the second thread. It is 
possibk to start the cut as the marks come into tiew without 
stopping the lathe. If three lh^ead^ :\ze lj{?ing cut^ tlie spindle 
wheel mii^t be divided into threu Gi[ual numbers, for which a 30, 
45, or 5o wheel would he suitable, .md the same operation is 
repeated as in the case of the two-threaded screw. 

When the position ai which to start a thread has been aseer- 
uined, the loose poppet can often be fixed so that the carriage 
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shall coinc up and touch it at the right location. Or a distance 
piece tnay he inierp:>s<^d hietwccn popjjtt and carriagt. 

Thc Hcndey-Norton system of change- gears has brought aboul 
a considtrable change in screw-cuLling practice since its intro- 
duciEon, a large number of firms besides the Hendey Company 
having since taken ihe gear up, and fitted it to their lathes. The 
prindple is the substitution of a Hiced tr^in of change gears* and 
one movable pinioii, with auilablif indeiie:^, for the movable ge;:!}. 




vfhich have to be set up afresh for evL-rj' scrt-'w of a difTeieni pilch, 
in the ordinary lathe. The value of Ihe invention as a time saver 
is great, ard il is therefore being gradually applied to lathes <^ 
larger dimensions than were crlginally contemplated 

The details of the H en dc)'- Norton gear arrangements or e 
seen in the drawing (Fig, 339)- ^H 

The ordinary train of twelve change wheels a is mounted^' 
cone fashion, on the end of the lead screw^ to which they an? 
gplincd with a Key- in the lower pail of the containing boi 
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here 15 a driving shaft E, In bi:dring^ parallel with the screw, and 
bis \s splined !o Iht? full lenglh of (he inner side of the box, and 
las a drii'ing gear, ihe 5lud c ^iliding on it. This siiid wheel 
lears a due relation lo ihc niist of gears to cut the regular list 
>r Ibrdds from d to jo. Its position ts controlled by the handle 
7, the inner end uf which is forked with hearings on each aidt; of 
hv stud gear. In an upper eMlcnsion of the fork are the bearings 
or an intermediaie wheel K, which is thrown inio and out of 
:ngagement with the various cone geaTS, by the handle ahown. 
Proper engagement Is ensured by the notches on the mdes ploie 
r, and the thread which 
ran be cut by each com- 
bination is stamped iibovi^ 
^ch notch. The latch u 
hn holding handle and 
put in place, f^ arranged 
lo secure the handle boih 
when in and out, so that 
Ehe handle cannot be 
thrown ou! when the gears 
are running. 

The above arrangemefit 
gives twelve regular threads 
only, because ibe lower 
shaft has the same rate of 
rotation as the lal^e spindle 
through equal g*?ajs tm ihe 
outer end of the shaft and 
the stud. But the range Fig. 34a 

of gears is inuUiplied by 
changing these relations, by T^lterinR the ratios of the gears. 

The splined lead screw is driven as a feed rod from the same 
lears, and the range of feeds can be increased hy the same 
devices as those used for screw cutting. The reversing device is 
3jieraTt-d from ihe apron, and This ran be put into operabon for 
i:c speeds, and pitchea, while the lalhu is in motion, 

Rivelt-Dock disc cutter (Fig, 340) is one designed for 
:\a\ object of cutting screw ihreads of vee shape, and the 
3isc with cutting teeth is a convenient device for taking successive 
cuti over the threads until the full depth and shnipe is completed. 
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E&ch tooth on the di^c stands a little in advance of the one before 
it. The cuitet is pivoitd on n t:tntral locking bofu TIic succei- 
sive points arc put into operation bx ii lever and pawj, llic 
pivot is carried by a Elide which permits the cutler to be dnfl?n 
bflck l>y the lever, aX. which slagtr iht: pawl is disengaged fruEn a 
tooth, a movement in the opposite direction routes the cutter 
one tooth, and locks it. 

Miichines, other than autoniatJcSp used in the fomiatton <\t 
short screws, may be roughly classified as follows: — 

BoU-^crtrwing machmcs without cflp^ian rests, employed for 
cutting only the bolt threads. Pin and stud, or ^rcning or 
chasing lathes, with capsta.n rests, used for turning xt\6. screwing 
an almost infinite number of forms. Opcn-sided spindle capstan 
lather for pins, atuds, and specially for Wli. Tiirrol or capstan 
head screw-cutting lathes, fitted ^Iso with change wheels and lead 
screws, but having u ishorter bed than standard screw-cutting 
lathes. Fojc or chasing lathes, with former or copying screws. 

But a hard and fa*it division and clastrficaiion in not possihle 
on account of the many combinntions which occur in laiht-s for 
5creA"ing made hy different manulaclurers- The main differtnciis 
aften consist more in the ntimhcr and variety of the operations 
which can be performed, than in any essential difference in 
design. 

Sorue of the most beautiful mechanisms found in L-n^inecr^* 
shops arc those used for the formation of the humble scuds. 
scre**i, holts, and pins. The shapes and dimensinns of these are 
very varied, yet with one or two cxcepiiona they can be formed 
wholly in the bolt^ and screwing, and chasing bthtSi titled Vpnth 
capstan rei>ts- Studs are formed from the blacky or brii^hc bur, ^ind 
all circular screwed parts are also done. Screws with nicked heads, 
and bolls with hexagon heads, have to be finished elsewhere, but 
these are the only exceptions. ^H 

The Eiize of the bar which can be operated on in capstd^H 
lathes is governed by the siie of the hole through the headstocfc 
mandrel. Tlic capstan head carries from four to sin tools, wjme- 
times eight or ten—sufhcient for a set of turning operations 
twcessary on any type of boll, ftc., required. The chasing is 
done by the tools in the catr, or die plate. Collars also on pins 
can be turned, cheese heads of screws, ind conical heads, and 
tapers. The work is gripped concentrically with a chuck screwed 
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over the mandrel nose* having movable )aws which fit within ihc 
conical nose. When a Urge number of simiUar pieces hove to be 
mad(^ ihey are completud sirgly or in groups^ according to iheir 
J'httpe. Smds which are screwed at each crd arc finished Srsl in 
groups at one end only, until, saj', n lengrh of bar is thus used 
up. Then they are rechutked, and the other ends screwed. 
Pins which are not screwed are finished singly, the shouldering 
being done up t© the heads, the headfi turned, and then parted 
off, finished. Screws with round or cheese heads, or with conical 
heads are finished Mngh% and cut ofi", 

Nicks are tui in ^CTew heads by a saw on ihe mandrel uf a 
special laihc, the screws being iravcraed post the saw. Nut faces 
are cut by milling, —'^ 

When a single oi^eiation only has to 1^ done — that of thread- 
ing black bolts already forged to shape, or bright bolts already 
rumed elsewhere — then thtf bolt-screvfng machines are used. 
They resemble the chasing lathes in some respecia, but there is 
no cajwlan rest, nor screw ftied, nor hollow spindle. On the 
mandrel nost uf a bdl-scri'wing machine, snme form of [.'on- 
centric chuck is fitted, and separate dies are supplied for gripping 
work of djfTereni sections. 

These machines may be broidly divided into two classesi 
those in which the bolts are stationary and the dies rtvolvo, and 
those in which the opposite eondilionsi eiist. The nidvanlage of 
the first arrangemenL lies in the facibty w^ith which bolts can he 
iriserted and removed without stopping the machine, and in 
avoiding the awkwardness of having long holts rr^volvmg. 

In ordinary hoU-eutiing and screwing;: machines, in which 
more than one chaser ts used, the lead of the dies exercises 
auflicient pull en the bolt oi screw being cut. In some of the 
heavier machines a guide screw is used to help the action of the 
dies- 

The pin and stud scre™ing» or chasing tathts. ihough designed 
priiTiarily for the threading of screws, are used as much or more 
for purposes of ihe plain rt^ietitivc turning of small hushes, pins, 
collars, handles, S:c. Bars of square or hexagonal section are 
aJso chucked as readily as round ones, suitable hoEdeis being 
provided foi them. These arc of capstan form. They may or 
may not also include chasing bars. Chasingi strictly speaking, Is 
usually done on a distinct lathe uf the Koit typo. But chasing of 

s 
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iViis class is only adopted for lihort stuff? ; longer onei mmt 
screwed in (he stud lathes. 

The Fox chasing lathe is primarily a brassfi rusher's lalhc, 
bui it is u^ed by engineers fiji cutting cupper fire-box sia^ 
Brassfinishcra cut large numbers of their short threads in thJa 
lathe. The [y|>e i*i one of the oldest in which screws are cut, 
these scrtws being exact copies iis regards pitch, though thty can be 
varied in dmmeler, of the fornier or short ^ide screw at the rew 
end (if the headstock. Into this a die nul erguges, and slidci 
a shaft at the back of Che lathe. On this shaft is a hinged tool 
holdt:r which carries the chasing tools, and which is carried along 
in uni:^i>ji with the nut in the foniter The holder car he swung 
back out of the way similarly to ihc v:&,T!i blocks in commcn 

chasing lathes. In its most copv 
plelc form n chasing lathe Includes, 
in addition, a cap&tfin rest, ren- 
dering it a nearly universal tool 
The capstan rest is fitted on com- 
pound shdes h living longitiLdin:^! 
and transverse and swivel niovL-- 
mcnls for taper work. I'hc movf 
ments of the saddle are ejected 
c by rack and pinion, and in man} 
B__^ I lathes also by a lielf-aotiiig shaft 

Yl^^ j^,^ below, carrying a worm wheel. The 

act of pulling over the chasing tod 
holder brings the die at the rear ol the headstock into gear with 
the copying scrtw. The latter is operated by gear wheels from 
the tail of the mandrel. 

Chasers are used for originating threads, especially in O 
and in brassfmishers' work. In engineers* turneries their prin- 
cipal utility lies in effecting slight reductions in the diameters of 
screws thai have been em by the aid of the lead screw to TT>akc 
loo Light a fit into an e;^acl» or an easy fit as required. It is 
usually safer to do this than to lake a very fine cut off * 
screw, and on short ones it oceupies less lime. Hand ch 
are conjtnonly used for short screws^ but ft>r long ones 
are held m the slide rest- They are made inside, A£ well as 
outside, and in a range uf sij^es corresponding with the nuuji-^ 
lous pitches m common use. All the Whilworth threads hav« 
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thcfT chasera, and the four gas threads cf 26, 19, 14, and ti 

threads^ 

Fig. 34.1 iUlisct^lcs chui^iTit \ and u bcin^ hand tuolsi Ibr 
exLerr&] and internal ibreiids ruspucliveJy, and c one gripped in a 
tUTtiet of ii chasing lathe. 

As differences oF 0|>lnicjn have long exisled in regard to the 
rtlative advantages of chasers and dies for cuiting threads in brass 
work, as in ctx:ks, valves, &c-, Mr C Taylor, or Bartholomew 
Sorct, Birraingham, who has been mvtstigaling the rcUlivc 
merits of ihc two systems, arrives at the following conclusions 
as to the advanluges [lossiased by chasers over dies:— O) 
Cbeapnc^ of chasers a£ against dies and die holdera, especially 
4elf-releasing and sdf-opening die holders; (2) readiness in 
sharpening : (3) tan bi; ustd at same speed as turning processes ; 
(4} one chaser car cut many si/es ^ (5) readiness of adjust 
menl 10 si/-e; (6) no revcr^iing motion needed; (7) rapid return 
of cbaser; (8) small power reviuiredi (9) no liability of running 
against shouldursofwork (as throw-out slop can be used) ; (to) work 
can be chased slightly ta|>er if required ; (i 1) delicale work can he 
chased ihal could not be held to be screwed or tapped; (i2)a 
cheaper lathe can be used owing to less po^t^r required and aijsence 
of revenging motion; (J3)all six capstan tools can be used for turning 
jLnd boring operations ; ( ^ 4) chaser brought Into operation alightly 
quicker than lap or die; (15) work can bt- rt-^idily chased on very 
laij^c diameters, where it would be impossible to use taps or dies , 
(16) no liability to wrench work out of chuck, so thai it can be 
held, lightly; {17) no risk of si rtppin^jh reads on work ; (18) no | 
slow speed required a^ in scre^ving ufid lapping large work , O9) 
threads cut wiih chasers are more nearly panillei than when cut 
nith dies- 

Ta|*s and dies are credited wjth the following advanla^cs as 
compared with the chaiiing headstock:— (i) Correct sizes of work 
maintained for longer lime ; (j) no lime lost in adjustment either 
when beginning work or after sharpi^ning [ools ; is) slight gain in 
time on coarse threads— where work can be firmly held; (4) 
small holes more readily tapped than chased; (5) sclf-opcning 
die« have rapid return, are easily shfLrpened^ and readily adjusted 
fofsiic; (6) ihey do not require grinding so often as chiLsers, 

From these considerations it is suggested thai it is more 
advantageous to tap and screw work of small sizes, such as can be 
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done at ilie same spetd and power as for lurning, bill that fm 
larijcT siKcs cHc chasing arm is prt^ferablc. The manufaaurcr, Mj 
Taylor thinks, will be well advised lo use both on the wme lathe 
for general work. whiJe for rapid and accurate work he recommends 
aelf-opening dies or aome form of die that can be readily shatpencd 
and adjusted Tor size ; he would use ihe chaser on delicate wort 
or that which cannoL be held firmly. It iS| of cuuise, importaiu 
to always keep the laps and dies sharp. If solid dks are used, 
they should he employed in self-releaairg tap or die hoIdK for 
work having shoulders or requiring to be screwed lo accurate 
diblances; in a plain Up or die holder otherwise. The inne 
uccupitnj in screwing work wiih the die or the chaser is gererall/ 
about equal, but a good chafing lathe is necessary to get uti^ 
factory results. 

The screw Lhreadii now in existencct spite of attempla ac 
unification, tiumber considerably more than fifty, This anomnlr 
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IS explained lo a large extenL by the fact that mosl Coniinfi 
railway companies have their own special systems, and scvcial 
have more than one system in use. Government arsenals, navir 
yards, and private enginceting works have different syalems. 

But when narrowed down to national standards, barely more 
than half a dozen are in use. The Whitworth is employed chifflT 
in Great Britain, the United States, and Germany ; the Sellcn, or 
hranklin Institute thread in America — so termed because ibc 
Institute adopted and sanctioned the Sellers iy|>e. The Americui 
sharp vcc thread is the older American system, the Sauvage— the 
brench system, Lhe Delrsle — German, the Thury, for some specbl 
work, llic International, the British A^isoclation, for f^nc thready 
and electrical work, and the Acme. 

The Whitworth thread is shown in Tig. 347. The drplh af 
this thread is equal to 0.64 of the p'llch. The sides of the ihriatl 
make an an^lc of 55' with each other, the top and boitom being 
rounded to or^'si^ih the depth. 
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Whitworth Standard Thread, 
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Whitworth Standard Screwing Threads, kor Gas, 

Water, and Steam Tubes and Fittings, 
{Adopted by the Tube Tradt gentrally?^ 
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The height of a Whitworth thread is 0.64 the pilch. There- 
fore the hole in the nut must be smaller than the tap by i.aS the 
pitch- Take 1.38 as a constant, 
and divide by the pitch to be 
screwed, subtracting the product 
from the diameter of tap- 

The Sellers thread is shown in 
^■g' 543- ^^ depth is equal to 
0.65 the pitch. The sides form 
portions of an equtlateral triangle (60"), flattened at top and 
bottom to one-eighth the depth. 




- -:::;«t-: 



^vf- 



^ P-'i 

Fiff-343- 



>7« ENGINEERS' 


TirjfisriNG- 




I 


1 


Skllkbs, or 


Unitki: 


States STANDAftn 


THBt*D. 




DLBJllElcr 


\ 


A 


% 


i'( 


4 


■•# 


1 


Na of Thicnth per irich 


?o 


[K 


iri 


14 


"^ 


n 


II 


DliLmi?tCT 


if 


I 


1 


'i 


ij 


[| 


r) 


Ntt uf Thfcndi per irtch 


ID 


S 


a 


7 


7 


6 


6 


Oiiimpfer 


Jfl 


>J 


u 


3 


7ih 


J* 


4 


Na df ThtKicU per inch 


^i 


5 


5 


♦* 


4« 


4i 


4 


Diiirncicr 


2i 


n 


=J 


2i 


1 


u 


11 


No- of Thmids per inch 


4 


4 


4 


3i 


Jft 


Ji 


Ji 


Diumtti^r 


,1*! 


It 


,1ft 


JJ 


1% 


4 


d 


Na of TJireaila pec jncli 


li 


5* 


3* 


3 


S 


J 


1 



The older Argerican or sharp vee thread is hardly likely 
survive. Il has been di&jjbctd largely by the Setters, and is noi 
employed at all outside of the Stittc-s. h isathreitd of ha' ongl 
no[ truncated 
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The system of Profesacir Sauvige, Largely adopted in trance 

h the Sellers modified lo 
suit the metric pircbe&> 
That is, the ihtcadi fora 
seciions of an equrkieml 
triangle, truncated on The 
pointn and root, wiih p»r 
allel lines at depths of oa^ 
eighth of the depth of ihe 
triangltr. "l*hc Teaiare pecu- 
liar to the syslem h that il 
comprises a serid of even 
diaraeiers, ihc initial pitch 

commercing at one miUimeuef and increasing by hsLf millimrtm 

for each successive size, as plotted in Fig. 244. 




^'^ 344- 



10 ^ s 



SCR£(V CUTTING, 



fl79 



In the German Delisle sysietn the screw threads form a portion 
of an isosceles triangle, inscribed in a icctangle (Fig. 345), having 
the base equal to the height, and the top and botlom truncations 
arc equal to one-t'ighih the depth. This givt^s a fnictioTial angle, 
5j' 8", lo the sides of the threads. 

The Thury thread (Fig. 346J is in use among watchmakers. 
It is of Swiss (irigixi, produced by M. Thury, under the aiispicefi 
cf the Society of Aiiij ofGcneva. There la, however, a larger series 
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of Thurj' threads for general mechanical purposes. It is a vee 
thread of 47^" of angle, with the top and bulLom rounded through 
ivoclevcnths of the height The pitch p is related 10 the 

diameter d by the formula/ -. As this will give an unlimited 

scries of iiics, it was decided to adopt the successive powers of 
0.9 millinietrc for the pitch. The index of the power i^ used as a 
convenient designaiing number for the screws. Thus the pitch of 
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No. G sctew is obtained by raising 0.9 nim. to the si\ih power, the 
pilch being therefore 0,53 mm. l'>om the series so obtained in 
decimals of n mlUimetre a series is got in decimals of an inch. 

The International system, proposed at the Congress ot Zurich, 
(iS98)j and recommended by that body, embodies an equilateral 
idangle having the base equal to the pitch [Fig. 347)* one-eighth 
of the depth is truncated from Ihe tips, and left flat, ond one- 
Aixteench is lilled in at the roots with a radius. Fig. 343 show^ how 
the threads Ot with the flat and radius. 
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International Standard Thread (Metric System). 



Diameter, mm. 


6 


7 


S 


9 


10 


II 


IZ 


14 


Pilch, mm. 


i,o 


1.0 


r-2S 


1.2s 


'■5 


<S 


«-7S 


2-0 


DUineier, mm. 


i6 


iS 


7a 


21 


34 


27 


JO 


33 


Pitch) mm. 


Z.O 


2.5 


2-S 


2-5 


3c» 


3.0 


3'S 


3-5 


Diameter, mm. 


36 


39 


4a 


+S 


4S 


5» 


56 


60 


Pilch, mm. 


4-0 


4-0 


4-5 


AS 


5.0 


S'O 


1$ 


l-S 


Diametei, mm. 


64 


68 


72 


76 


80 








Pilch, mm. 


6.0 


6,0 


6^5 


6-5 


7.0 









The British Association thread (Fig. 349) is for small work, 
chiefly for the use of electricians, &c The angle is 47J', the \x^ 
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Fig' 349- Fig- 35a 

and bottom are rounded, leaving the depth 0.6 of the pitch- The 
rounding is very nearly two-elevenths of the pitch. 

British Association Standard Thread. 



Nunihcr - 





1 


2 


3 


4 


5 


6 


Diampiei, mm. 


6.0 


S-3 


4-7 


4-' 


3-64 


3-2 


2.S 


Pilch (/), mm. 


I.OO 


0.9a 


o.Si 


0-73 


0.66 


o^S9 


0-S3 


Numher - 


7 


3 


9 


JO 


12 


14 


19 


DimncTti, mm. 


2-5 


2.2 


'■9 . 


i-7 


^■3 


1-0 


■79 


Pilch (/), mm. 


0.4S 


0-43 


0-39 


0-3S 


0.2S 


0^23 


0.19 



The Acme thread (Fig. 350), used in America and England, 
lies between the vee and the square thread. The depth d of 
the lhread = i the pitch + .oio. The width of flat on top of 
thread =/x. 3707, and the angle of the sides is 29°. 

The following table is useful in the small dimensions which 
occur in screw-cutting work. 
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.B OF Dkcimal Equivalents op 8ths, iiSths, 33NDS, and 
64THS OP AN Inch. 



itithB. 



33nds. 



<5 


A = '0625 


A = -03I2S 


U = -S3"S 


y> 


A = -i87S 


A = -09375 


«=- 59375 


'5 


A = -3I2S 


A=- 15625 


1*= 656^5 


lO 


A = '4375 
A = -S62S 


/i = -2[875 


H- 7<S7S 


*S 


A = -rfr25 


ij= -78125 
It =-84375 


^ 


H = -6875 


ii = '34375 


'5 


+s=aias 


H = -40625 


H = .9o62S 




H = -9375 


it = -46875 
64tlu. 


!i = ,96875 


115635 
"46*75 


H = . 265615 
U =--296875 


H=, 51 5635 

a =-546875 


H =.765615 

H= -796875 


1781 a S 


H=r.3aSi25 


ii =-578135 


«=. 818135 


0937s 


H = '359375 


H =1.609375 


i!=- 859375 


40635 


H= -390625 


H =-640635 


H =-890625 


7'S75 


H =.421875 


H--67I875 


|(=.92i87s 


03135 


H =-453125 


Jt =-703125 


H^'9S3"5 

H =-984375 


3437S 


n = -484375 


H=- 734375 
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Examples of Turret Work. 



Iimntrtge* of The ComiiLOn Oipalun— Tool ScUIhe— Digtinct Operali 
iLungc of Ulilily — AqlQmalic Turrel Lalbes— Economies of — ' 
To.]1ji IHuiiiTHlcr]— Ctmring Jind Facing — hux TlujU — Drilling^RwmcT' 
I'm;— Work of LhcCioas Slide — ^Proftling—Posii— Tools— Screw Culling— 
Limii^ la the Use ni Dies^SnUd Dies — Culling Edgti — Siiirig Diri— 
Kpring Dies — Cboiffta—Disloti ion— Opening Dies— Evomples of--E>h- 
ofnpLcH nf Wojk dune on Automalia—Holchkisi rcrctuaou Fuse Bik — 
Special licccssing Tool — Valve for Pncuitifllic llaniokcia — Tuul Fuinls— 
Whiris—SI«vc5—BolatCTi— Crunk Plus— Shell and Cap— Look Tur« 
for Pnppei Spindle. 
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HE common capstEin tool test can be ap]jlicd to h 
laihes iLs well as U^htj to face la.theS| fis lo lattii 
movablL' poppeis. Evt?n where similar parts h^vti lo tw? 
looled ia but small numbers, ihe tooling involving several difTcrem 
operaiions, the test^ with irs five or six holders, any of which can 
be brought rouitd m its work in an in&lant^ is an obvious s^ivingovt^r 
the method of hnving to act each tool 9(^paratcly for each particular 
piece, as it nvoids several rechuckings. The higher the degree 
of accuracy required in any piece af work* the longer will the 
tool setting occupy- Obviously, then, tnore lime can be afforded 
in ftpeat work for lieinng tools which will not be movt^ ence 
for regrinding) than when chcy have to be used on one p 
only. Thf capstan rest, therefore, conduces lo accuracy, as 
as to ecnnumy at time. 

Capstan work, of course, is of highcat value when it is adopted 
as a regular system. But ir applied more frequently lo the sJide 
rest in^Lead of ibe common holder for a Mngle tool, lathe ^ork 
would be greaily expediied, and be finished with greater precuri' 

For turning work between centres, tcxjk helJ in the ca 
rest are as suitable as those in a tool holder, but with 
additioiuJ advaritage that when several similar pieces have lo 
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done, the Hiameters can be set by ^top^ ; and the turning ^rstcp^ 
or collars ^Ci of different diameters can be done by separate 
tools. Roughing and finishing ;l1so can be performed by distinct 
toob set once for alL In chuck work* Again, turning, drilling^ 
and boring can be done wUh celeriiy. A boring tool or a drill 
held in a capstan rest, and stes^dicd, if necessary, in a bor^ 
steady bolted to the lathe bed, furnisher about tht; most efficient 
method of boring avmlable. A tough cut can be taken thus, and 
1 true tinishing cut aftenvaTda wtlh a rean^er held in th^ neiit 
hole m the turret. Wheels, pulleys, brasses, bushes, and other 
work having deep or shallow holes, can be done thus as iruly, 
and more rapidly than ihey can be done in the boring lathe, or \\\ 
the common lathe, or drilling machine. Taps urc held thu*;, and 
brought round to form throadJi in hules which have lietn first 
drilled from the same rest Tools also with edgi:s of any c^ontour 
can he inserted to imparr or finish any required ouihnes. Re- 
cesses, bevels, or chamfers on internal or external porlitjus can be 
formed- A large number of operations can be performed on 
mner or outer facts hy nieiins of special riests of lools, or box 
tools, famished with shanks to fit the recesses in the capstan 
head- These include screwing tools, either of the chaser form, 
or solid, or opening dies ; and turning tools arraTigfd for working 
on external surft^ces to obtain uniform results in repetitive work 
without measurement, Such surfaces may be parallel, laperedj 
shouldered, or &(irf>pcd, and the aritingements will therefore be 
devised to sjIl any given job, ThcEe and other applications can 
be effected m a common lathe with a capstan rest. 

The value, therefore, of the capstan lathe consists in the 
facility which it affords for almost any repetitive work of small 
dimensions. For odd jobs ii poastvsses no special advanuge.^. But 
when scores, or hundreds of similar pieces arc required, the 
economy afforded is immense, whether for turning, or screwing, 
or for l>oth. A black rod may be taken and thrust through the 
hollow mandrel in successive lengths suitable for the work to be 
done, and the finished pieces arc |.nrltd off. A wirt? feed is 
used on many lathes to feed the bar forward atitomaiicaily, the 
length of feed being adjustable- In such a fe«d, the length is 
regulated by a slop, and the movemeni w'hich briii^ the wire 
forvrard, often closes the jaws of the chuck, gripping it firmly. 
When there are large collars, heads, or bulbs on forcings, this is a 
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class of work Tor which tlie aptn spindle laLhes arc most uspfuT, 
^Vhen diUcrcncCs in diamclor arc not great, and the lengths to 
reduced are moderate, then it is always better to turn down fi 
paiallel bar^ instead uf troubling wilh ioigwig^, the cost of turaJn 
bein^ often less than the cost of forging aJone. Though some 
amount of time is occupied in st^tiing tht lools, and iitipartiig lo 
them the most suitable forms, this Ls immensely compensated by 
the facility wiih which the subse^^uent work is done, and by the 
practical uniformity in dimensions of any number of similar 
pieces. Economy \^ also efTccCed by the use of adjustable stojK 
for arresting the movements of tools at any precise siage requi 
There may be one stop oiily» hwi in the more complete lath 
there is a Etpamte fitop for every tool. 

A complete turret lathe, according to present ideas, must he 
OIK in which no attendance is necessary beyond ihc insertion of 
a length of several feet of bar in the rear of the hollow spindle, 
and occasionnl lubrication of bearings. The machine feedi* ihc 
bar, and closes thechuck, the turret tools come round automatically, 
tooU on tho cross slide are similarly operated, the finished work 
is thrown out, and the lubrication of the cutting tools at t 
surface of the work is also done without core on the part of t 
attendant Tn consequence the cost of attendance is almost 
negligible qiiantity, because one man is free to attend to scvenU 
machines. The term automatics is commonly applied to thes& 

It is not necessary that a firm shall deal wholly in a la 
volume of specialities in order to reap some of the benefits which 
can be secured by ihe use of automaiics. The tendency in recent 
years has been Lo extend the capacities of the^e machines in such 
ways as to widen their utihties. They are screw machines still, 
hut they are also in their various types, fully automatic turning 
machines, rivals of the special lathes, and tooK which require 
constant attendance. Some machines of this cEass dt^l, too, with 
castings of fair ^M, and to reduce [he cost of attendance in this 
case, a ma^'ozine attachment is a feature which has been added to 
aome of Lhese. Every now and again, also, a new machine is 
brought out, or an existing one is rnKlified, in order to meet the 
demand for higher efficiencies; and these facts indicate that (he 
last word has nor yet been said on automatics. The demand 
for them grows as they become better known, because, although 
primarily designed for the production of spedahtit^s, they are al 
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eminently adaplable to Ihe requirements of nearly all classes of 
shops. In tht first kmd of factory these machines ate occa- 
sionally to be counted by many scores, and even hundrtds ; in 
the second il pays to lay down two or three only. 

In dealing with this extensive subject here the scope of this 
Wdik rt^uirt^s Lhat our remarks be concentrated on the nature of 
the work done. 

When we see pieces of work which involve in their production 
several distinct oi*eralions by sepdrale tools, and note ihe lotal 
output f<]T the day on one automatic machme, Familiarity with these 
facts does not much lessen our astonish men f ai the results, They 
arc so marvdlous that it is nearly impossible to institute a just 
comparison bt-tween these and the work done in ordinary lathes, 
for it is .1 matter of minutes against hours» in some cases even of 
seconds against hours. Stiptradded to this economy is the fact 
that the prwluci of the machine is for all practical purposes 
uniform, while that of hand work in the lathe is iiot^ excepting at 
the txpendimre of an eittcnded and indefinite amount of time. 

These economies art produced in various ways: Firsts by the 
utilisation of the turret ; then by io liming the movtmcnls of the 
work and of the tools that no time shall be lost in cummencing a 
fresh cut. This involves liringing the turret tools round and up 
to the work at a much quicker speed than that required for the 
acmal cutting. Another important point is to ifme the cycle of 
operations on a given piece of work to coincide isith the revolution 
of the turret, and bo avoid lost movements. In many instances 
things can be ,so arranged as to produce two pieces during one 
revolution* the pieces being either alike, or dissimilar* 

Efforts are also directed to the rapid removal of materiaL 
Since the reduction of portions of parallt!! Ijars to small dimensions 
IS often called for, this rapid reduction is effected not so much by 
any special forms of tool, as by the fullest lubrication, and by 
supporting the work in opposition to the thrust of the tool, which is 
done by combining the latter and its :;upporting steady in one 
box, a principle which is carried out in a variety of way*;. Here 
wc have not ao much the results of a scienlific study of cutting 
tools as that of the prevention of vibration, and heating of the 
tools and the work. There is 10 time lost in measuring the work 
a) it is bcint; reducL^d, or rn ascertaining by trial when to arrest thi: 
action of the icols, for that is altuady embodied in the machine 
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iti^lf— in Lhe Lool huldcr, antl in the siopSf and release of 
cams. 

Then, there i^ provision made for uirying lhe cutting fectl to 
suit difTerciU mclol^ and al!o)^» ;ind al^o Tot varying the ^pccd of 
rev^jlution of the work. And all raovemenis are antomaiic m 
i:haracter, both of the maUTul beiiif^ oiicraled ijn, and of ihc 
turret, so that when Lools arc (i\cd up and slock msi^riedf no 
furthtT atlu-ndanct! is rei.]uin*d until the bar is used up, C"n- 
iribuiury lo rcsulta is the rigidity afforded to bearings, and oiovini; 
parts in Lhe niachine^ themselves, in ^vhich respect many improvv- 
meni.^ over earlier prattiCL- are apparent in the laier designs. And 
tlien finally having arrived at the limits nhich arc at present 
obtained m these devices, we have types of machines in which the 
iiiLuibcT of spindles is multiplied, so trt:bling ur quadrupling the 
output ofa single-spindle machine. 

In the automatic screw machines, we find Iroth vettira! and 
horJ£oiita] turrets employed inditferently in machines which appear 
to he equally mcritoriutJs and successful Ihoush each possesses 
some thi^aretical advantages over the other, in practice ihcy are 
both favQur»rcs. A feature which is common to all automatic 
screw machines is the feeding by means of cams. Bui ihese again 
are .subject to variation in desij^n. The drum type pied i>mi nates, 
admitting as it does of such ready and simpk readjustments. The 
mechanisms for feeding stock also vary, and so do other details ; 
but a Mudy uf ihcsc^ though intertfsting, mj5L be bubordiiuited to 
that of the utilities of lhe machines themselves, The principal 
question for a shop manager is, What will a given machi 
perform^ what are its capacities, its range of work? And 
question will be diffeienlly ans*<.»red according to the class of wo 
which is done by a firm, both in regard to si^c, and aJM^ whether 
of one sort only, or of a varied character- With rcspccl to sizc^ 
recent years have witnessed considerable increase, until nov 
bars of 3 or 4 in. arc within the capacilicsi of aiitodiattcsi witb 
corresponding^ i^xtension in length ; castings, also^ up to i6 or \% 
in, dlameier are now brought wtthin their range, ihtMr develop- 
ments all Icnditig to render these machines more adaptable to 
work of the less highly specialised shops. The inevitable tenden 
now is CO transfer a larger range of work fioin lathes and comntoii 
screwing machines to the automatics, with advantage andeconom; 

The principal function of the automatic screw machine is 
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formafion of screw threads, and ihe pu-r forma net of ihe operations 
preparalory liKrcto, and connected thereivith. Tht number of 
screws of manj' forms used in engineering construction is so 
cnornious ibai ii i^ ntrt^^sary thaf they \\\i proiiui:ed cheitply and 
accurately* We therefore find thai a vusl deal of inventive skill 
has bwn dovoled to the methods by which they are produced. 
But these only constitute ;l portion of sc:rew-Tnachine practice, 
since many other i^ieces of work ure also shai)ed by nieans^ of tools 
operated in the machine. The economy of tht^iiuioniaiics becomes 
that of the tost of f]?hing up things, and of the number of aimiUr 
pieces versus the cost of the work in the lathe^ which needs 
constant attention. But expense: le^sen^ when the system is in 
(uU swing With stock tools, so that tlicrc are numerous' cases when, 





with pUin Aofk, and having tools m stock, the fixing up for agi^n 
piece of work may be done easil)' within an hour. 

When cuminenoin^ bai work on an auioniatiCj the bar is 
centred* and generally faced, to facilitate the work of the tools 
that immediately follow. A combined centring and facing tool by 
Alfred Herbert Limited ia shown in Fi^. 351. Its shank a of mild 
steel fits mto a hole in the turretj and the head carries the 
centring tool B» pinched by a set screw c. The fadng tools D, D, 
arc pieces of plain steel bar bcvcUed at the front face and having 
no top rake. Each tool U pinL;hed by o\\^ screw t. Endlong 
adjustmeni i* effected by cau-sing thi^ end uf the tool to take a 
bearing agatnst the head of a grub acrcw 5 at the bottom of the 
tool recess. 

Turning is done with box tools. These arc difstgned with a 
view to preventing spring due to overhang, and to ensure that the 
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tools shall turn lo e>Laci dimensions within ptedelertniTiedliniiB. 
afiart from any auciuirm on [he purt of iht- man in charge. Thef 
arc subject lo much variation in form, and may contain ont,or 
more cutlers. Roughing and finishing cudere may be held ii 




separate boxes, or cojuhiin^tl in une Ijos, Eiich cuittr in the hrsl 
type's has a vce'd steady sol opposite it, and both steady and cullt'r 
are readily adju^iUhle for diameter. Al the end of the box, i 
facing cutter is often mserted for truing the tnd of llie bar. A 




^B- 353- 

ho» tool of ihis type i^ shown in Kigs. 35s and 353. In 
cast-iron boK is fitted with cutting tooJs of llie k-nife^ge 
and the diamcler io be turned is conlrolkd by the vee strips. 

In these figures ihe shank \ fils into one of ihe hole*; in rht 
Lurreti in which il is pinched. The body B is threaded Eo fit o) 
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tJic shaak. An internal tool c» adjusiable Icjngitudinally^ pinched 
with a s<:t screw {K'g- J5j)i gives tht length Co be lurned, and 
faces the end of the work. The lools u are adjiJSiaMe radially 
by ^ul> screws s, and they arc clampL-d by the nut e and washer 
The vee steadies g are double-ended, so that ihey can be 
Umed round in their holders to sxAi work of diflercnL diameters, 
llic range of which is larger, of course, with ihe vec than with 
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rcle arcs. The block » that carries the steadies is grooved into 

he ca^tinj; a, Jnlo which it 15 sctcurL'd with a bolt j. Thc^ edges 

the aieadiea aie bevelled (sec Fi^. 35:). The block H in which 

fchey are held is slottL!d to form a spring holder, the clamping 

pci<ig done with the boll j. 

When two lools are usedj the second one is an enact duplicate 
)f D, and sreadies, &r., are reproduced, these i>eing carried back 
llonglhc holder or boji, which is lengthened for the purpose. Fig. 




F^' 355' 

53 has a steady boss to Mjp[)ort the endin^i culler when brought 
ui la a considerable distance from its support. 

An end rounding or chamfering tool is seen in Fig, 354- It 
fitted interchangeably with c in Figs. 351 and 353. and faces 
Lnd rounds at once. 

Drilling and reaming are done wjih lixit carried in holders 
aiai fit in the luiret. A two-fluted drill is shown irt Fig. 355, 
:aTTied thus and pinched with a set screw. 
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An oil supply iwo-dule drill is shown in Fig 356. The ofl 
BUpply is automatically turned on and pump}cd along the flutes 
when the turret ifl turned round to the right position for drilling. 
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A reamer fonows the drill (Fig. 357)' It is of the D-bit Xf^ 
and has an oil lube. Fi^. jgS illustrates a Roaling reamer, whidi 
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1"^' 357- 

unlike its predccc->i5or, follows the hole already drilled and reomcred 
very dost losiEe, and finishes ft. 'ITiisaUo Hasan oil-supply lub^ 




Fig. 358, 



and represtnts the best practice in this department of turret work. 
^'S- 3S9 i^ -in oil supply shank to box tools. 
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When sijuare and hexagon bars are to be turned dovn fWA 
porrioii of llu'ir length, the work of tht: lUTniiig tool '\% prcecdfd bf 
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t of a starling lool. This is a box tool with three radiat cutlers 
s!ots in il^ [nrtrior This rhumftrs cir points the end gf [he 
, and faces llic end prqiaratury to the work of ihc turning lool 
9 chamfering is not neci^sary when round bars are to be 
ned, ejicepl when the latt^^r are rathci long and project from 

ohiick considcrably- 

In the tools and tool boKe^i ifsed for iurn_'t work, no wfirkman' 
mt iht very Ijest is pennissiLL', Turned and planed fits 
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ne are not gnni enough for permaneni service. 1*he grinding 
chine Is an indi^^pcnsablc aid, and so is the reamer following 

drill when fitting pins into holes. The Jittm^; must be as good 
the work done by the lor^U, and tlierefore a properly equipped 
I room is an indispensable adjunct to the automatic machines. 

The work clone by tools on the cross slide comphsts turning 
ming, knLirlin^i, and tutting off, and \^ usually supplementary 
that dor»c upon the turret- The cross slide doeii not traverse ; 
ice turning that requirts 3 long traverse is perFofmed from the 





lurret. Bui broad sntfaces of st'veral inches in lengtK are loolt^ 
by the cnjss slidt vjhety the [jrotlles are irrt^lar. because Lht 
turret ia not adapted for producing such 3ha[>es. In profiling, 
the tot£,l width is cut at once, the tool being mode suftidentLy 
wide. 

There ere two tool holdtjrs in the cro3S slide, one at the front, 
and ore at the back. One of thtse may canj' a roughirg profile 
tool* ihe other a finishing tool. But generally one slide carries 
th<^ forming tool, the other a culting-off tool, which also raiy 
fulfil some lesser function, as rounding an edge nexi the cui-olf 
end. These slides are operated from the cam shaft, and a disc 
cnrryirg adjustable dogs, which are set to actuate the slide 
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the exact times when the tools are wanted to come up to Iheir 
work, in conjunction with, or on the completion oT, thai done by 
the turret ope ratted tools. 

Toobi opi-raied in cross slides are variously held. The open 
side tool posts of Alfred IlerbcrL Limited (l^i^- 360) (wmiiL the 
tools to come up vttcy close to ehouldere, and afford a convenient 
means of adjustment for the height of tool. This is done by the 
wedges, the meeting faces a of which are serrated to previ^nt 
possible slip during tightening or under heavy cutting, Tht^ tool 
is pinched bet>veen the lop face uf the upper wedge md the 
arched top of the holder by means of set screws, The holder j^^ 
carried in the tee groove of the rest, ^H 

A tool post for a cutting-off tool is shown in Fig, 361, Ttw 
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tool of thin steel drops into the sJot a, and is tightened by the 
set screw and washer. Another type is illustrated in Tig, 362, 
the tool A being held in a slotted tool post somewhat similar to 
that of a common lathe of American type. 
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A type of tool which combines the function of cutting off and 
also of finishing a radius is shown in Fig. 363, If a tool of this 
kind is not employed in certain kinds of work, a sharp corner is 
left, which must be finished off in some other fashion ; but by 
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accomplishing this with the tool shown, the cut-oIT end is finished 
as it comes from the automatic. 

A type of forming tool held in a cross slide is shown in Fig. 
364. It is a circular disc having its edge profiled or turned to 
the section that is to be turned — in this case a bicycle cone (Fig, 
365) — and notched out to form the cutting edge. Grinding is 





done across Ihe face nf Ihe notch, and The lool never loses 1(5 
corrcci shape. Fig. 366 i* a Cool of a. similar charades 

An e\c:elleiit ejtampLe of the work done upon a cross slide h 
[hai of turning cycle hubs. Tliir illustration (Fig. 367) shows 1 
couple of tools used for forming the outside of a hub-thc 
roughing tool A and Ehe finishing tool u — with ihe hub c appearing 
as just ruu^hed out, from a plain picci; of bar originally die 
dtiiiiieter ovt^r the flanges, and fed through the hollow spindle^ 
These forming tools operate at onetime, babncing the strtr^ of 
cutlin^-, a stress which is necessarily very levere, as Ihc actual 

length of cut mu^t be measured all 
round the flanges, &:c. This forming 
requires a stifl' machine, a broad belt 
drive, nnd strong back gearing, Gtre^ 
rally, also, a drill in the turret '\s 
roughing out Ihe hole in the interior 
of the hub, simultaneously with the 
outside forming, and ihe hub when 
finished is only a thin shell, so thai 
a large quantity of maieiial baa lo 
removed 

The depth of the grooves d 
slightly grtater than that of the tblckcai 
chip cut, and as soon as the roughing 
tool has roughed down nearly la the 
finished si^e, it is withdrawn and the 
finishing tool comes Lip and complett^ 
the work, In cases where two tools 
are thus occupied in turning, a third 
one is provided for cutting off, and 
this takes the form of an auxiliary slide driven from an extra 
cam disc 

Fig. j6S h n [ool in it^ holder used for prorillng ball handles, 
as used on lathes, and other machine tools. The rounded end 
in ftuch cases, near the head of the machine, is cut off and alsu 
finished with the form cut-off tool in Fig. 363, which rounds the 
ball end whili^ it is cutting- off| and the handle falls from ^^^| 
machine with a praclJcally p*-rfect globular end. ^H 

The stress of cutting broad faces vnth the farming lool is very 
severe, which work of small ziie would yield under, and all 
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4vy pieces would chatter. So an equivalent of the poppet 
itre of the ordinary lathe must be provided, and this is afforded 
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the steady bush holder (Fig- 369). This is a hollow socket 
ovided with a hardened bush, which encircles and supports the 
id of long work. The mt^thod is to bring up a box tool in the 
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rurrL-t and lurn a shctl lengtli on rhe end of the liar of ;i dfamdtr 
tquaJ 10 that of the hole in ihe steady bush- The box tool then 
draws back, llie [arrti rcvulves^ nnd ihe tieady bush is hroUKhl 
up unhl il just slips over the turned end. 5Lt>ixjrting 31 ligidly 
against lateral slmin. Then the forining tool on the cross slide 
comes and proceeds with the fonniny operation, the turret, with 
the steady, rcniaining slaliaiiarj during diis lime. Lushes of 
various dimensions are inicTchangeable in the halder. 

The cuiiiiiji of screws by means of lool^i held in the turrel is 
done by two general methods. In one case a single- pointed lool 
only is used ; in the other u group of cbaEers is employed, Tht 
single-pointed tool ruquires a guide, the chasers lead thuinselvcj. 
In the firal instance the tool la controlled by a lead screw, or by 
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a forroer screw, or by a cam. In the second, the tool sif 
moves bodily, drawn by the chasers- 

It is alivays stated that dies will cut screws at on*: travcrae, 
eKcepting in the case of square threads. As a matter of polity, it 
is often better^ in threads of DiodcrAle dimensions, to make Iwo 
cuts, because the screws cut are lilcely to be more accuraii', ;Ln(l 
the dieii are lesR distressed. And the revolaiion of ihe w{>rl. 
should not be stopped while tlic chasers arc cutting. 

Though ihe ute of three dies is ihe Engh&h pmctice, four 
screw apparatus is supplied when required. 

All screwing optnillons on iron and steel require a cons 
slream of lubricant. The beds are therefore of ihu lank (orm» 
from which the lubricant can bt drawn off and tililised ftpiiv 
When a snccession of operations is being done on small pieces d 
metal there is no lime for ihe heat to g*^ away, as in ordinar)' 
laiht work, in which changes have to be made in loola. 

The question whether dies shall lead themselves over Ibe. 



* 



EXAMPLES OF TURRET WORK, 



iq-I 



screw bt'ing cut. nr wheltier they shall Ijt: l<;d by an exteniiii 
agent Vt whivh is a matter uf IiLIIl- i riiiiuri^iin:^ in short sirews, 
Ixfccmcs serious in long ones, because it is practically impcsaiblc 
to cut long ones in this rviiy and produce an accurate pitch, To 
a great extent this is a question of the dt^grcL^ of kttiiness of lliir 
culling edBL'.s. Uies that arc ollofltd to become dull squcijiie as 
much as they cut, and the result is that the bar over which they 
arc drawn is compressed, and ihc mclal extended, and on a 
Tuoderate Length only, the pitch, if measured, ^vll] be found in 
excess of what k ought to l)e. 

The majtjnly of screws cut on auiomatic and semi-auiomaiic 
Ulhes being of ^mall sire, and short, the usual nieihud adopted is 
to brinji the dies up lo thdr work, and then loave ihcm to be 
drawn over by their own leod. On a length anywhere up to 3 or 
lo in. the results are suf^ciently close, and most screivs measure 
leas ihan this in lengih- Thu rc^uUa art therefore influeni-ed by 
such matters as the thickness of dies, the de^ac of dulness at 
vhich they may be allowed to continue working, rhe nature of llie 
stock being worked, whether hard or soft, and whether a thread 
shall be (intsbed in one, or more than onu travcr^^. 

When a screws ijnd its hole are not alike in ]>itch, due lo the 
stretching uf the thread, the evil is magriilicd the larger the 
number of threads that have lo be engaged, so that though an 
inaccurate screw will not |us5 through a thLi:k nut or plate, and 
bear in every thread, it will ^o through a thimicr one, The 
thread is still inaccurate, bur the want of truth is not noticeable 
in the contact ofa few threads as it is in many, a fact which must 
be rememltered when gauging screws for truth, and estimating 
their suitability for certain classes of work. 

There ia thus no practical objccticjn to allowing dies lo be 
drawn over threads by their own lead for screws of moderate 
length, fitting into shallow plates, and when n*j great weight ii 
drawn along with the dies. But when the carriage is heavy, the 
die held alone should be drawn over. This is the function of 
the reversing die and tap holders which art: drawn through ihcir 
sockets, that are held fast in the lurret. There is then nothing 
but the slight weight of ihe ariual soekets to be led Jiy the laps 
or dies. On the reversal of the work at the head, the socket runs 
liack uniil free of the threiid, when it is ready foT cutting the 
ni^xt scTe*K 
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Thi? difs usL»d on screw machint^s art^ made eillier solid, 
with inserted cullers or chast^rs. In cxaminins any mndcfn dies 
of eithtsr class, the cu!t[ng tdges are seen to be: very narrow. 
They appruxinmit tu the proporiigns of Uie thaatrs in ihc 
H'hilworlh screw stocks. The result ia, that though control 
st'cms to he sacrificed, yet this is more than ronip«ii$aied for by 
the avidity with ^hich the cutting la done, by which all threads 
except those which ore very coarse can be cut, and finished m 
one traverse. The edges which are in contact with the wsirk 
being very narrow, penetrate better^ and "with far less friction than 
those of the oldtr class. And furlhet, the screw machine is more 
favoural^le to the best action of these tools than the hand-ofrt:rateii 
tool3^ because the machine eicrcisea a more perfect aMgninenl 
than the hand- And petmatience is further assured by the ampl^_ 
lubricdtion <ivailahle. ^^ 

The smallest dies are usually madt; 
wiih three, or four cutting and guidiny 
edges, and three, or four wide clearanci: 
spacee. IVovision is madt for adjust- 
mi-ni for wear, aiid sij^ing, by enclosing 
the die in a coHet, and fitting i screw 
or screws imo this. The adjustment 
Hire w usually has d iLipering end nhicb 
fits between the tapered edges of the 
split portion of the die, and so ptjrmiis 
of a sufficient amount of adjustment. Fig. 370 is a common 
type, whicli admits of very delicate adjustment for size. 'I'hi; 
die itself \ \i split through on one side, and is slip[^d into the 
collet B4 the pointed grub screw entering iht tapered opening. 
By turning the screw the die is opened out, thus permitting 
of the cutting of a threiid of larger diameter. To ni^ke xi 
cat smallerT the pointed screw is wididrawn a little, and the 
side screws d d turned in farther, causing the die to dose in, 
the spring of the metal being aufficient to allow a small amount 
<.f latitude. Very fine shades of difference can be obtained in 
these dieiij by manipulating the screws carefully, W^k 

In another form a tapered screw is fitted (Fig- 371) instead 0^^ 
a plain vee. tn othijrs screws are fitted in the faces, opening out 
the split dies in their cnllets. Two forms of dies nf this kind Jirr 
shown in Figs, 373 and 373, with the set screws by which l\ 
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lTc bdd in their collets. In the holder (Fig. 372) the die is 
nade in halves. Screws with tapered heads are Ittted, and by 
uraing these in, the dies can be separated, while the outer 
damping ring is used to close them in. Fig. 373 is somewhat 
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similar to the previous one. The dies are in halves, separated 
uid controlled with screws, but the outer ring or collet is pro- 
fided with four grub screws, the points of which enter recesses in 
the dies, exactly in line with the cutting parts. This ensures that 
3di edge will do its proper share of the work. 
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Ahhough the cutting faces of the common dies in screw slocks 
re mostly radial, yet in those for screw machines a true culling 
ngle is often obtained hythe construction shown in these figures. 
>g- 374 shows a method of marking-out dies with a good cutting 
ngle, tutrrow catting portions, and plenty of clearance for chips. 
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which is *^D great an essential in screw machine work. The 
culling faces a.nd ihc facts al ihc back of tUe udyt make an angle 
of jo" wilh each other. There is tliorefore no hard and fast nilf 
for ihc cuuin^ edges of ihese dies. They art: sfldoui radial, liVc 
those of common dies, but generally formed by drilling clearance 
holts and making a *;]ight flat, which consimciion brings tliem 
well in advarite of the centre line. It seisms as though Lhii 
matter of cutting; anp;le, so important in hand-screwing tools '^ 
overshadoftcd hy other raallfi^, chief among which is the narrow- 
ness of the culling edftes, which permit of easy penetration «i^ 
the minimum amount of grinding or squeezing actioDj the ahgn- 
mcni of the machint- tool, and ihe larj^e volume of lubrJ£:ant urhicli 
is constantly Howing over the tools in auLom^iltca. 

These small dies are cm with a tap of the same size as ihe 
screws which lUcy have tu cuE» bccauac the dies are not adjustable 
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dudng cutting, a^ in handworked dies. Vei they yield 
results by reason of the cagscs just named, 

Siiing dies are used when fine results are required. Thu4 a 
thread which may he rut liy a roughing die, or ljy a rhaser Jel 
for a roughing cut^ is fmishcd by a siting, or a finishing die, i>r 
by dies that are re-5et afrer the roughing cut, for a finishing one. 
Thc latter, though not a device which can be adopted on autu- 
matica, is employed lojgcly on semi -automatics, and pivea re^ltft 
good enough for all ordinary run of engineers' work. Rm for 
purely automatic work the die must be either solid, or of the 
9elf opening, and self closing type. Of the first named — the solid 
— ihtre are two hroad designs, the one wliidi we have bren 
discussing, usually adopted for the smalli:r screws ; the other fw 
larger ones in which the dies are split longitudinally, and encirded 
by an adjustmcni ring, not a collet — hence thtse are itii 
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ng dicjs. Such methods admit of very minute and pr&ciFie 
Listmenis, and are in eMensivf use. 

Fig. 375 is a very useful spring dJc, whicli affords plenly of 
HI for the chips to e5ca[3e, and is capable of fine adjustment 
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mes^Tis of the clamping ring. The typo is not suited for heavy 
dng, bal for small sites it works vei> well, and in ihe kigt?r 
s is used 05 a hnishin^ die. The sharpening is easily done 
b an emery whei^l gnnding the flai feces between the ftuted 
ces- Fig- 376 15 an ex- 
pie of a. brger size- The 
usimtnt is by n ring fitting 
a fireJy threaded screw to 
horn« of the split die, a 
^ce whiuh is simple in 
ion, and which will effect 
y fine graduations in siic- 

The lari^er screws are cul 
\i chasers held in die bo^es, 

which there is a great 
jcly- These arc always 
di; wilh narrow cutters and 
y wide sjiates. For screwFi 

large diameter and fine 
cb, as nn those for pipe 
ings, the sM'dths rtf the 
tsera are nor incrensed, but 
!ir number is, still leaving large clearance spaces. 

How the maTLininm (Mpiicity for cuiiin^j c^in V)tt embodied in a 
[h-class chaser is seen in Kig- 377. The cutting cd^c a is 
liaJ with the centre n of the wt^rk, but ihe backing off is done 
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from anolhcT centre c Then ihc chasur* arc gradually led 01 by 
grinding away the teeth at the loading edf^e iv Three, four, 01 
more such chiisirrs cut freely without squeezing the metal. 

Di^lortion <lue to hflrdening ia an eli^nnint that has to be 
reckoned with in making laps^ dk-s, and holis, since it products 
iniccuracy. I'tom this point of \-\*:fi, the slioricr the Up, hob, di 
die, Iht fcwur ihrtadu brought into action the better. The dis- 
tonion is chiefly noiiet-able in long tnps» but it is litely to be 
present in lesser degrees in the shortest ones. As chasers arc 
commonly cut over hobs, aLiy inaccuracy prt^enl in the hobs will 
be reproduced in the chasers, and thence in \\\^ ihreurl-, cut *hen 
the chastrra are dra^s'n over the work by their own lead. From 
this aspect it is interesritig to note that the chasers used on the 
Joncb ^ I^uiii^on flat turret Lithi^ are cnade on a plan which 
dispensE^ with the usual method of cutting over a hob, which nay 
be made inaccurate ir hardening, or may possibly have been cut 
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inafynjtately by want of truth of the lead screw in the lathe in 
vhich it was made. The Jones & l^mson chasers arc cut, not 
with a hob, hut with n milling cuttc^r hnving circular teeth, and set 
at an angle (Fig. J7B), a being llic tliasct. To avoid (jossibk 
error, the dies are hardened, and a trial screw cut with Iliem and 
tested. If it IS found to be inaccuratei the ani»]e of the milling 
cutter is altered to the amount which seems desirable and another 
set of chasers made^ each one fimgly, and another trial screw made. 
When angle and pitch are fuund to be correct, the precise 
particulars of setting are recorded us a f^uide for the cutting of all 
future chaffers of the same angli? and pitch. A special machine, 
with micrumutcr rtiadings, is employed for this work- In ihij 
way errors which may be reproduced in the work (rom ati in 
accurate hoh are eliminated, and the only residual chance *»f error 
ia that done \v\ hardening the chasers after culling. And this (s 
reduced io a nunimum in twc ways, Hret, by using the fr 
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teeth onlf for cutting by ; a.nd second, by hardening the teeth 
alone. A very important resuk follows from the adoption of this 
pfan. Emphasis has already been laid upon the difference be- 
tween the cutting and the guiding action of screwing tools. In the 
chasers in question the cutting of these with a milling cutter set 
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at an angle is seen in Hg. 378 to result in the leading action of 
the first threads dying off into guidance only in succeeding ones, 
which is further illustrated in the succeeding Figs, 379 and 380- 

For cutting small screws the dies arc generally of the solid 
split type, which we have illustrated. But their employment 
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involves a reversal of the work for running them off the thread. 
In screws of medium and large sizes this is objeclionable ; hence 
these are more frequently cut with dies that open when the thread 
is cut, without reversal, a class that will be now considered. 

There are numerous dies of this class in use, some of the 
principal of which are shown. 
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n|itnmg (Jits may l>p rtiughly classfd under two lypes : thn^t 
in which the opcinn^ mechanism I^ actuated by an inu-nul stud, 
and those in which the mechanism is exiemal. Figs. 381 lt> 3^4 
iltusimte a die of ihc? first kind — in txt^mal ^mi face vie^vs in the 
first two figures, aiid m longiiijdinal section and in iacc vieiVf wiih 
the cap removed in the two Iflsl figure?- 
The main central portion of the head A i» 
solid, and is surrounded at the front end 
with a solid shcH 11 tapered on its internal 
front sarfflce. The shell tolatea to a limited 
extent on the central portion, and coerces 
Ehe cutters c t>y means of the following 
device : — There is a crosshcad r> within the 
chuck, the ends of which pass through 
longitudinal slots in the body, and through 
helical slots in the outer shell (compare n^th 
^^%- 3SO1 fitting the 5(01 by a friction roller. 
Ati fldjustible slop screw a in the cunirc of 
the crosshead is set to suit the length of the thread to be cut* 
When the work strikes the slap, the crosshead ts Lhrust hackwaids, 
with ihe result that the outer shell is revolved through the acuun 
of the helical slots, and the cutters fly back from the thread under 
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Che pull of a circular spring /' which fits into a groove in the 
of each cutler. 

The four cutters slide in radial slots in Ihe central piece (Figs. 
383 and 3*14). and are coerced by the eonical surfaces that arc 
recc^ssed in the front of the ourer shell je (Frg. 3S3)- They ate 
held in place by the circular cap f, which ftts figainat thei 
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and over the outer ^helt, and which i^ fastened by four screws Eo 

ihe central pfere (Figs. jSj and jSj). Adjustmeni of the die for 

aiic ts cficclcd bv a nut v bthtnd ibe shell, the i;dge of which 

is graduated- TIil- die is 

dosed eilher by the handle 

or automatically by a pin 

which \% tlTUck when Lhe a' 

tunet rcvotvcs. 

Figs- 385 and 3S6 ilfus- 
iraie an t][Ten;ng tiif pf the 

centrd pin Lype, by [he 




CJcomcInc Driil CiinnJEiny. A is ihe sliank ihai fil^^ it^io imL> nf 
ibe hole*' in liit turrel^ and t. is a jjauRe pin alidiiig wrlhiri it, and 
capable of t^ndlony adjustmeiil to give the exact length of screw 
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tcquirtd. Whun ihe screw whicli :s hc\x\^ cut strikes ihc end, il 
pushes IE backwaTcls, and causes lh<? dits lo fij- optn by die acUun 
of the followfing mecharnsm : — 

The front of the liood c which is connected nith the shank is 
fUTnishi?d with two cruiiii !ilides D, p, into which ihe dies t, »:, are 
fitlLd. Luya on Uii; Uick uf the slides fii: mto the etccnuic :iloU 
in c (compare wilh the front view, Mg, 385). Evidently if c is 
turned through a portion of a revofuiion in one direction, »he effect 
will be to close the dies ; if in the other, tt* open them. Now 
a spring r, coiled in a n-cess at the baek of c and altachfd 
lo It, lias sufUcient sirenglh ro turn c round far enoLigb to tfjicn 
ihc dies. They are closed by moving the handle o, and lockd 
by dropping the pin H into a shallow slot in the back of c. As 
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soon as iht end of a screw slrikts the ^Wi.\ iff ihe gauj-e pin 1 
kitter i* imshedback, Jnd as it is connected lo the back pbtc J W-^ 
means of screws in tho hub of c, run in from the outside, tht 
result is that the pin h is inslaMtly knocked back, telrasing i", 
which then flics round, responsive lo the action of the spring i\ so 
opening the dies. Screws, therefore, can be cut np Co a shoulder 
The giiuf^e u is set for len^^lh by one screw Jn Ihe hub of c. I^ing 
screws can he cut by removing; llie j;auge. The head is gradiialcd 
for diameii^rs cither in hundreds or sixty- fourths of an inch, and 
lo permit uf this itdjuMmenl ihe pin h lies in a circuUr slot m the 
plate J, of suHicJ<:nt Jenglli to permit of necessary adjust men I*, 
The die can be dosed auiomadcally by serewiui; a pin inlo a 
threaded hole oppoi^tte the handle, and attaching a tjipcred piece 
to l^^e machine to engage with Lhe pin. 
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IllQstraiir*ns of Tucker's opening die, in which the ^irikiiif; 
mechanism is u^IcrniJ, iirc given in Inga. 3S7 lo ^qi, comprisint; 
^w external view (Fi£, 3S7J and various sections in succeeding 
onts. The mechanism is as follows : — 




^SS^ 
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V\v.. JSS. 

A \% the die hody» which x^i gripped in the lurret hy ihe 5ieni 
^t ihc rigbl-haiid end {Fig5, 387 lo 38g), the hclc through \ befng^ 
left for the [Vissagt; of !on^ screws, when yuch have to be cut. 
The lxj*ly CiTiies at unc tnd a i^inge m, a lubi^ c lliaL annates ihe 
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Fig. 389. 

chasei% and a rin^ ti th^t carries Ihe stop pin E, When E strikes 
against an abutment on the niachini:, c ii thrust back, TLlcasing 
Ihe pivoti?d die holders K, which are thrown off the work by springs 
in thL' roUoHin^; manner : — 

The flan^ u (I'igS' jSy and 390) is a ring with four slota into 
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wliich ihe chaser holders or cameTS fit, and in whirh they 
each ^ji^utcU liy a pin. Thtr chasuis aid tarried ljl \.\\t\\ hdi 
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by i;roovtd faces scvn in l^ig- 387. The chaser is retained in \\s. 

proper radial position with a binding screw seer in the samt 

figure and in I' i^s 388 lu jgOi 
and a hmitcd power of mjvc- 
nieni is permitted \jy the slot 
holt:. Adjustment is elTeticd 
by ihe screw *i, the underside 
of the head of which bean un 
the outer tnd of the chuer. 
The sf:rew is lapped into the 
holder. 

The ring d haa provi 
fur adjustmt:ni on the hudy Jk 
by means of a set \^in \t\ l 
tnleriiig into a slot of hmiltd 
length in [he Irady a. The 
ring p is also capabk- of aJ 
jristmeni niong c by mfan^ uf 
its set screw, Wlit-n tht dies 
are in optT;itii>n, cuitrnf 
ring c is forward, mid its 
portion maintains Ihe ch 
cloBt" on the: work, ns in Fii^ 

3SS. WhfM the thtf^id i-^ ciitj the scop screw ir. sinkes the jtiut- 

ment provided, the ring D and tube c arc thrown bock, and 
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cbasere slide dowri the bevelled end of C os ihey arc Ihrown over 
on their pivots by tht- sptings ihai press against th^' ends of the 
adjusting screws (Fig. 389)- The Uickvard and opening move- 
ments are restricred by lh<? Itnj^th of the slot inco which the pin 
\t\ ihf lulic c enitTs. ChmrJ leaf ^prin^s shown in Vii-s. 388 and 
jSg present dirt and cultin^s pttlins into the body of the diu. 

The die holder of tht? Jones & I^mson lathe i^ shown in 
Figs. 3g2 Lo 395- These d lasers, as meniioncd on p^ge 301, lire not 
cut with a hob, but wilh a milling culter set in such a rulaUtm 
to Ihe chasers being cat that suitable clearances are impaTl-iT-l. The 
die head in which these cullers arc used has a poncr of Bclf-adjust- 
meni by virtue of which any slight want of alignment between the 
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work and the tnols is compensated for. 11 comprises the tool- 
holder or Ividy, lh,e earn ring, ouu-r tcceniric ring and handle, 
h'dh s|jiing slop pin, 51/ing fjcrt-vi-, and shacik, 

I'he tool holder or body a has four slots for the reception of 
ihi- chasers. They are movcJ inwards or outwards simultaneously 
by the cam plale 1*, which is moved by the outer eccentric ling c 
wiih its handle tK The handle is furnished with a slop pin E 
which can be drawn back and reset by the aciion of the spring 
and pin, one position corresponding with a roughing and the 
other with a finishing cut. The exact position of the chasers for 
any sctcw- is fixed by the screw v, which has a ring toodi of rack 
^*ctLon engaging with a tooth on the cam ring. 
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Fig, 3^6 shows an opening die with intcrn.ll striking mcctianism- 
The qhanlt a fits the [urrei, and is screwi»d to tha Hody n. Tlie 
dies c nil? fasicneJ to the pivoiircl levers n with screws ir ihe 
manner shown, ihe front screw entering ihrough a slot hole In 
provide adjusimenL The uperi'd i-nd nf the <;Ieevo f- li*is 
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ihe dira down on the work when culling. It is thrown back by 
the crd of Ihc work siriking the screw r, which goes through Tht* 
rto^fihcad c that moves in a slot ir b. The Torward movemcri wi 
fl is limited by the screwed slud h. 

In the Herbert machines the opening dies are c;irried in a 
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manner thai [jermiis q{ j trifle of endlong moicmenl lo the 
holder, so that threads of accurate pitch can be cut indepcndentlj' 
of perfect jiccurncy in the *ietting of rhi^ earn, and which «l40 
permits oT the cutting of ihreads of difTerent pitches witht)itt_ 
aheratior of the cam. The atlathmenl fits to the lunci hy 
of its holes and pnd UolL A spring nt Ihe rear, a sliding feai 
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and a kc^ or handle which comes inl<? contact with n^ trip block 
on Ilip slide and cIusl-s ihf dfc rt-ady fur ihf n*."xt cut, nre Ihe 
essentia) mL-ch>inism cmplcytd- 

W(^ now lake examjjles of [Weces of work done on automatic 
screw machines, in which dic tooil types alruady describi^d will 
be shown in operation. Thesi: cxaraploa ore taken from the 
praciice of Alfred Herljen Limired, 

r'^g" J97 shows a piece to be tooled, a Tioichklss percussion 
fuse base. Note that the piece has a dovetailed recess at the 
boiiom of ihr hole, and that tht collar is uniitrcut on thL' face, 
both of which present difTicultics. Internal and cxiernal threiids 
have to be cut. To make these pieces on a common lalhe would 
btf an awkward job, especially bearing in mind thai ihty must be 
lA gauycd dimensions. It would mean settings of the slidi; rest 
10 two separate angltjs for the b^^velling of the outside collar, and 
of the undi^rcutLini* of its inner ficcc 
—that is, supposing special tools were 
nor made to these angles. Also thai 
a special tool aouM have to be made 
lo bore out the dovetail recess, ,ind 
tmvprscd out on the re^i lo an exact 
diameter, using a slop or else some 
tentative means of measurement. We 
know whal these things involve in 
lathe work. Then the screws, internal 

itnd exterral, must be cut, either with change wheel trains, 
involving two g:earings up, or else by dies and tap. 1 doubt if a 
smart man could turn oi^t, finished to line dimension:^, more than 
one per hour of theF^e, using a rommnn lathe, nfrer the loolq wtTe 
made and fixed, and using any aids available from temporary 
*tf>ps and templets. These pieces are done in three minutes fifty 
si'cond'i each by ihc devices shown. 

The general relations of the turret and cross slide arc shown 
in the illusiraiions, in which Vv^, 3*^8 vi the lurrei with its tools in 
plan, Fig. 399 the cross slide and ils tools in eL-vaitCin, jind He- 
400 the same in plan. 

The tiirret is seen in that position in whioh the first operation 
is about to comTiiencc. The box tool carries two Urnin^ tools j% 
A, for turning the riuL^ide to two different diameters, Porrcspondin^ 
wJlh the screw points and the front end. Sininltaneously the 
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drill n roughs out ihc hole. The tools a, k. and ihefr meihcKl 
setting resemble [host illustrated on page 288. They are made 0/ 
plain bar, j^round to angles of lop aiid front raki;, arc pinched Ijy 
the nut J und il:^ damping plutu, and adjLlSL(^d radially by iho sut 
screws K, K- The front lool cut*i the portion a of ihe percus^on 
base (Tig, 397)j and the hinder one cuts 11, the work of both 
Lerminatirg simaltaneously, and reducing k and e to su& at once. 
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Fig, jgS, 

Vcc guides \, in Che t>ox tool support the work Against the 
of rutting. Ixrin;^ pinched l>v the bolt \\. The tool head is screwt^ 
to iU pin or Mem^ couuiig up aj^juEist a shoulder, and the Meni i^ 
held in the hole in Ihe lurret. Thu stem ia made hollow lo 
receive ihe fluted drill is, which i^; adjusted for leiij^lh and securrd 
with a set screw, h will be noted that a reasonable amount 
endlong adjustment for the took a, a, vee gujdcfi L, and driJI U 
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obtainable in \\\^ box head to suit diffLTcnt jobs, and Lhat (he pin 
or siem can ako l>p mdmlly adjusted in rht' turrei if necessary. 

In ihc second opurailijn the tool c cornea round. This la a 
combination lcx>L ; a D-bit n reims the hole just dnllt^d : ut the 
same time ihe recess ai thL- Ixjttom is roughed oui h3' the tool o, 
then the end of the Tuac base is faci.^ by ihc cmccr <J— three 
distinct operations performed by the com|jound too], which is of 
the oil lube tyjie, ihe oil coming ihrough tlie pn^^^a^e k. Each of 
Ihcse toob is separately iidjuslablo by means of its set screw — 
5ten in pl^n and end vic^w— in tho sotkol litling in the lurrei. 

Thi: dovetailed recess at the ifoltom of the Ijase is cut next 
with a ver>' mj^t'nious tool sh<jwn at p, which works on the spiral, 
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or pencil-ease principle. The tool is seen lo comprise the stem 
which onitrs the sockei f>f the turret, a 'iockel adjustable Itnglh- 
wise on the stem lo suit holes of various depths^ a conkbined 
loo) shank and holder with a compression spring. The cutter P is 
wt eccentrically in its shank. It has two movenienis: nne 
forward, derived from the turret; and one of rotaiioii, dcrii't'd 
from a spiral groove in the tool shank, into which a screw that 
projeciii fiom Lhc stem enters. THl: cutter p, of half-round shape, 
enters the recesis in the fuse base? under the Forward raovumcni of 
th** lurrei, unii! the collar q— which is fastened with screws lo the 
socket of the tool holder— comes into couiiicl with ihc end of the 
work. Thi^ pftvenis the cojlir from receiving any further end- 
long motion. Hut the «hank of the tool holder within still 
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advances, and is rotated by means of the cam groove, in which Ihe 
screw connected with the socket enters. As the Cool is mounted 
eccentncally on the shank the culler is compelled to move radially 
from ihe centre and cut the recess to the proper diameter. 






Fift, 400. 



j-i^. 40 1. 



The outside thread is screwed in another operation hy the 
opening die K. 

The sixth operation, and the last done from the turret, is that 
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ruttinE t'*^ iiiti.'rn:ii thread with the Up f, which is secured 
n a. holder. On niiching the proper depth, the spindle reveTics, 
[iind pressiire on ihe tap is rde^^ed, allowing it to tun back, 
■find out, 

I In the seventh opernfion, thar qF dishing the [nside of rhe 
I collar, the cross slide (Ki^s. jgg and 40°) comes into play. This 
'is ^tted with nn auxiliary slide T, which is set at a slight angle, 
[ftiid corresponds with that of the undercutting of the collar. "TTiis 
Fcames two tools s^ s, which form the head and diah the collar. 
'The tool to the leJt hand performs thrj (irsl-iianied optration, that 
Uo the ri^ht Ihi: second, Thcrt arc two cutliiig factls to the first, 
iond ihrec to the second, finishing those portions of the fuse base 
[con^ctly to shape and size ai once. The toots are adjusted and 
, pinched by their own separate set acrcvrs. The angle tool slide 
has it^ setting-up strip, and the entire fixture is Incited down to 
r Ihe tee jp-ooves on the fnnnl of the cross slide. It is worked by 
lan independent lever from the cam dir^e. 

I .Lastly, the work is separated by the cut-olf tool R on ihe back 
' of the cross slide, st^cn at the rear of Kigs. jijg and 400, rarri«! ill 
one of the double-wedge holders bolted to the main slide. 

This piece of work is therefore done within four minutes in 
tfight operations, involving the use of twelve di&tiiicL tools. 

In this connection an illustration of a recessing tool (Tig. 
401) of Alfred Ht-rbert I.iniilecf, whkh is used on one of [he 
chasing saddle lathes* is of interci^t as tshowing the hand-opcraled 
tool in contrast with its later derelopment, the automatic one p 
(Fig. 398). 

in FigK 40 r the eccentric movement by which the cutting tool 
is lhro*n outward to the proper radius is impiried by a handle. 
The tool body comprises u shank h of niiid steel fitting mto on<f 
of the holes in the turret, and sleeve B, within which a pin or stem 
fils closely and fteely. At ^he i-nd of the stem a sleeve c, 
mounted ccccntiically, is in one with the cuitei D. The eccentric 
■movement is given by the handle k, the arc of movement of 
which is arrt'Sted by a stop ptg y. As ihe sl(?t?vi^ js rather long, 
vibration of the cuUcr 13 prevented by a piloi pin or steady, 
which enters into a hole previously drilled in the fuse body. It 
abio serves to keep the cuttLr on its spindle. After the recess is 
cul the loo] i3 drawn hack by the hand, and withdrawn through 
oiler bore in front. All this hand movemeni has of course 
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10 be eliminaied in the auiomaiic, ami this is done in ib( 
ingenious manner with tlit spiral just described. 

If is in sucb ingeniously ronlrivcd lonU ihar the modern 
niL-lhods of working show to sutih ad\uniage beside the common 
ones. Recesses and xindercut bevelled fnces are always trouble- 
some details to the ordinary turner, chiefly hy reason of iht 
difficulty of making and setting the tools, and of seeing onil 
measuring the work during progres^i. The automatics and the 
lurrEl [alhes with rheir ^toii-^ and special loots lake cliarge of 
ihcse details, fLud produce numerous pieces exactly alike ffiihuut 
skilled attendance. U is therefore a job for the designer ^nd 
[(xjlmaker, who are, of course* iralnt^ aj^d u^^A lo Lliis work, and 
the actual attendant on the machines is not supposed to medd 
with the tool at aW. 

The nejtl grouiJ of figures illustrate tools used in the Nn. 3 

automatic screw nuchint 



M 
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T 
Fig- 40a. 



tif Alfred Herbert IJoiiird 
for producing the valve, 
sliown separately in Fi 
40?, r>f pni^iimalLC h 
mtirsi, '['he two principal 
features here are the ex- 
tremely thin metal, neces- 
sary in order lo reduce tht 
weight, and the recessing of the interna] porLion. The liirrer 
tools and arrangements are shown in Fig. 403, and the cross slide 
in big. 404- 

The first operation 15 that of centring and fadng the end of the 
rod with the tools in the ho\ shown at a. The centring tool fi 
held with a set screw comes up first, followed by the facer s, a 
plain hit of bevcllu'd slctl held idso ^^ilh a Jict screw- The second 
operation is that of drilling and rough- tumingj performed by the 
tools in the holder B. The plain drill i^ seen at M, and the turning 
tools at N o, with their fising and adjusting screws ; and the vcc 
guides at p. The construciion of the box is similar lo that shown 
in the last examplt^ The drill roughs out a plain hole nearly 1 
the siic of the smallest diameter of the recess in the valve, whi 
the tools N and o rough-hirn rhe ponlon'i i, u, of the outside 1 
the valve. 

The next operation is very similar, though not quite idcnti< 
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The box tool c carries a reamer q, which enlarges the recess and 
partty shoulders tt at the mouth, and also finishes it at the bottom 
end, while the tools h and j finish the outside portions t and u. 
In the fourth operation the front tool holder of the cross slide 
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comes into play, forming the recessed outer portions of the valvej 
which could not be done with the tools in b and c. Four tool 
points operate simultaneously ; these are seen in plan at k in Fig. 
404, each separately adjusted, and gripped by its set screw. The 
relations of each to the valve are obvious, comprising three 
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roctssL's bflvft-en \\\t: imriions t ^iiid a deqi shoulder ai k. As ihe 
stress of cutting ihcau surfaces 3iniuttancou5!> ia severe, ibc valve 

is si^^adieU ihe whik by the 
jjin i> briiUghl round i:i [he 
turret and fiirin^ the fronl 
portion of the bored hole. 

The fifth opcr^Kicjn (a 
specially interesting, being an 
j|iplicaiion of ihe same device 
which we ilJurilralcJ on ^n^ 
3J7 fur the work of recessin;;. 
A funning tu^il shown ai t, 
turiTcd to the same profile as 
[he interior of the bole, and 
iiLjLuhed to form a euttiii}^ 
edge, is set eccentrically in ia 
hulder. It is thrust forward 
into thu hole ujitil Its further 
motion is arretted by the 
cijllar of the holder, and tlien 
the action of the ^piri] or 
cam and iis pin eausi-s the 
loul to rotate, iinU the rota- 
Don rs the means of throwing 
it out eccenirieally, so feeding 
the profiled cuiltni^ edge inio 
the worbn 

The. sixth and final opera- 
tion is the cuufng-off of the 
finiiihed piece with Ihe lotAc 
(Fig. 404) held in the hindci 
bos of the cross slide, whrch 
also starts the shoulder fi 
the iicAt piece at u 

In Lhese^ as in olher 

amples, note *:hould be ^aken 

of the forms of (lie lotiU iiscJ' 

None of them are forged^ 

Most are m«de from ;l bit of rerrangulir bar, ground at iht front 

end to give an ang^le of bottom clearance on leading and ft 
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edge^. s, N, o, H, v\ and c iiie :ill esniiiples of iliis kiiiLl. Tliey 
are in real ily scraping Coob — tK:it is, they h:ive no top rakt: ; but 
ihey nevenhvless cut with eoE^, the reaaon being Ihat they are 
wdl siipporied and wtll ]ubriGiii."d It b not that ihdi duties are 
light cithtT. On the contrary, they reduce al once on plain bar 
from ihe hrgeiil to the smalltst dimension^ instead of nit>liling at 
Ihc surfdces of pieces of work ihiit are forced or caat DLarly to 
fiLee. The circular tool e also is a sicrapin^' lool only^ notwith- 
sliinding thai Jl operates over its total width at ore e, impaniitg Ihe 
proHEc form to the interior of i\ic steel valve in a single cur. 

The turret lathes and screw machines are thus solving problems 
ibitt have liet-n long assof^'areJ with tool [loints itnu^ ht>liiJ IixjN, 
Wc have here tool points, but instead of bar holders modelled tn 
regard to proportion on the shank* of solid tools, the hoMerij are 
very stiff boaits held in the luiri::L by round ahdnk;) ihat permit 
very liUle chance of spring. The small sizes of these tool points 
contrast strongly with the mass of Iheir holders^ a feature which is 
paralleled by the tiny milling catter gripjji^d !n a massive spindle, 
and with the same object -nanid^', Co eliminate spring and chatter. 
Ajfyin, lool points in hwt huldets are open to ubjticinm on the 
ground of the rapid healing when heavy cutting is attempted, 
since the holder does not carry away the beat as readily as the 
^hank of a solid toot doe^. But here this matter la tak<.'ii diarge 
of by ihe oil pipes and spreaders that force the lubricant under 
pressure o^'Cr the area of the work that is being subjected to the 
action of the cutting loob* as well as all over lUe tools themselves. 

The work of the toolroom is much siniplified by theemploymeni 
of theie liny tool points. Instead of foiling, reforging, and re- 
tempcring cranked tools, the plain bits of steel are cut uff and 
ground while presented in a machine al the proper angJe. Little 
storage room is reijuired, and boxes of tools can be made up 
leaddy for various pieces of work, asin^ tools from stock, and 
adjusting [hem by means of llie scrL"*s provided in the boxes, A 
good quality of steel can becmployed, bi:c;ause Lhe weight fs small, 
nnd once tempered, they are good for long service without ever 
dmwin^ the lem[)er again. 

These tools retain their cajiacity often during several dayji. or 
even weeks In ^ome cases, without re^mdinj^ or re-selting, '] hiri 
tsaf aiurse due largely to the iierfect hibri cation. But something 
15 due lo the fact thai the cutting edges arc not too thin. We 
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know that cranked tools having a regublion umt^unl of top 
utc \'cxy liable to chatter iind di^ in v%li^ii o^^eratin^ on cr^'&Lillinc 
mctaU, and thts is not conducjvt: to long service, ^nd the remedy 
is to reduce the top rakL-, or to reduce the feed, Bui in thes* 
plain toola, which j.re of a type that were used only for lighl 
finishing of surfaces in the pre-turrei days, we hove both the 
slizh^ing and thi? fmishing tools of the future fcr repelttion work. 
Of course the vee'd steady is a very importnnt feature, supporting 

thu work in opposition to the tools 
Dut the santt: devict c>isLs in iathir^ 
using commor tool^ Jf a belter 
system of lubrication were 





l-'ig. 405- 

for the common lathes, the tool holder and plain tool points ai< 
have A. new It^aae of lift' in these. Bu^a^iart from that, ihc sinr 
plicity of Ihu lurrtt details — ^simplo when resclvL-d into iheir 
elements and taken separately — will cau^ the Iitrri?) lathes *Dd 
auIom:itit::i to invaje tht functions uf nearly all lathes mre 
heaviest 

The outline illustralions in Mgs. 405 and 406 show ihtf 
duction of whirls froni :jtcel bar, the article itself beini; seen 
as though linished. 
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Ticsl (Jiiftration Ls to cenrre and Face Ihe end of the bar 
bo!c lool R, The second is to rouyh drill the larger hule 
bwo, and tough bore tlie recBsa in the front of the whirl 

I with the tools in the box c. In 

I r tbc third the small holu la drilled 

I r ' vtith the loose drill in the box D ; 

I at the same liiiie the rc;t'ess in 

I ffont is finished. The laptr 

' ^ ' boles are finished in ihe fourth 
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ion with a special shouldeTed reamer In the boK k, bo 
ng all but the exterior- This ia ncjtt shaped at once by a 
i>rnning tool v in the front holder of the cross slide, the 
king steadied againjtt Ihe 
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by Ihe steady G in the 
Finally the tool h on the 
lolder of the cross btidc cuts 
^nishcd piec& 
B production nf sleeves a 
■107 to 410)1 for cotton 
B spindles, is shown in two 
of operations, the vie*s illiis- 
a picccof work that has to be 
rd, and rechiicki?d. In Fig, 40S the piece of bnr is set \yf the 
comes round and starts the work by chain ft riii^ Ihe front 
prepare the way for the two turning tools in the holder d. 



Fig. 409. 




followed by similar tools for finishing in iheUox £ — cornplt'ling (be 
two longer |K>rlJoiis of Ihe sleeve, leaving the coEbr end lo be 
fini^hi'd fn tbt- second scr\e^ of operations. The fifth operaiJon 
is culling oK, performt-d by the tool f on ihi: front cross slide 

In the second series of opemtions ibe spindle or sleeve \t 
revered and Tcchuckud (Hgs, 4og find 410) hy Xhe chucking pin 
c, and centred and ^cctl by the lools in the bi>\ m. The Ur^ci 
hole in Ihtn drilled with the long fluted drill j. The box k. n^il 
comes round and driib ihc saudier hole at the farther end of tbc 
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Fig, 4M, 



Spindle. Al the same limt a cutler a^ turns the larpt end of Ibc 
spindle. Finally tht reamer in l finish*?s the eniiie hole. 

Bolsters for cotton machinery an.- produced from corrd taal- 
ings, as shown in ihc iKusUatlons (Figs. 411 lo 414). Tlii* il 
also chuck work, the bolster a bein^ formed in two series of 
operations. In ihc first one (Krgs. 411 and 4[2jtHe length «* 
raL-tal is pushed Into the chuck hy the pin 11, and the operyiticn a 
Btaried by chamfering; the ends with the tools in c. The two nwh 
in 1. rouiih tun ihe longer portions, which those in K f^nhh. 
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screws these portions; the rorniing tool G turns the large collar, 
shoulders down one of its faces, and turns the small collar next 
it The pieces are now ejected ready for rechucking. 

The chucking tool h now rechucks the piece a for the second 
series of operations (Figs, 413 and 414) ; the tools in the box j 
centre and face the end. A fluted drill k rough bores the hole 
and forms the recess in Che front shoulder with the tools seen at 




Fig. 41a. 



L, ihe same parts being finished by the reamer and tools in the 
box U. 

The next illustrations show the tools for producing the crank' 
pin (I^lg. 415) for a reaping machine, as designed and set up by 
Messrs Alfred Herbert Limited, on their No. 4 automatic screw 
machine- It is a remarkable design, illustrating excellently the 
developmet)t of the box tool from a simple tool holder with 
3te3xly to a piece of mechanism as elaborate as a slide rest; 
for this tool 15 fitted with two slides, longitudinal and cross, 
with an automatic trip for arresting the depth of cut at a 
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and the block fastened lo fhe tool slide by its lug. The sere* j' 
13 act so ihai as soon as the pawl is released it forma a dead stop 
for tripping the bloct b', k^ is the pawl slop. 

This irx>l is a striking and almost unique example of the 
tendency of automatic work. When some of us wL^re lads, the 
po?isibilit/ of such Gil advance on the work of the lathe would 
have heeii derided. It is really a machine Icxil grafted on \u 
another machine tooL It is butit up ot forty-three pieces, fitting 
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wubin very fme limits, wiih many parts hardened, groum 
reamed. Vet it pays to make it. 

A good example of turret work, designed and carried oul 
successfully by Ibis firm, is illustrated in succeeding Iigurc^- 
selections from the more special tools being given. The wort 
is that of producing ifi^ mm. armour-piertini; shells, and sol^ 
caps for the same, on the No. t6 comhinalion turret \ 
this firm- A quantity of Ghells are treated in the fir^t 
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operations, as follows, before being turned end for end, for tb( 
second set of operations. 

The lirst thing is to grip the shell in & bell chuck (Fig, 415), 
which is fitted to the lathe spindle. A bush a, a. driving 6t at 
the back of the chuck^ steadies the nose of the shell, while tlte 
parallel portion Is steadied with the screws B, hardened at the 
points. The tit on the outer end of the shell is removed with aji 
ordinary parting tool^ and the shell is centred with a pointed tool 
held in a split bush, packed with leather in the split, in a standard 
holder in the turret. The hole is then drilled with an oil supply 
drill, held in a split bush in a standard holder in the turret 
At the same time the outside is rough turned as far as the bell 
chuck, witfi the tool (Fig. 426^ a) held in the square turret, 
and then rough faced with the tool (Fig, 426, b), also in tbe 
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square turret, the tools being changed. The hole is next Bnish 
bored with the oil supply drill in Fig- 437 in a standard holder in 
the turret- Then the turning and facing are finished with the 
tool (Fig. 42S), also held in the square turret, using the tool point 
A at one end of the square tool holder b, Che other end being 
designed for another function — that of forming the recess in the 
chamber, which is done with the cutter c. All these cutters are 
of Armstrong- Whit worth steel. Cutter c, it will be noticed, is 
fitted into a recess near the end of the bar b, and is secured 
partly under the shoulder a, and partly by the clamp b^ and is 
set outwards by the grub screw £. The end of the bar is rounded 
as shown in the end view^ and a slit in the bar at d is made to 
facilitate the fitting and adjustment of the cutter. 

The chamber is bored with the oil suj^ly boring bar (R^ 



EXAMPLES OF TURRET WORK- 



339 






.™j 



'—'-\ 



Fig- 4^5- 



^ 



f^^ 






4— >'-^ 







.,-^,,.^-1 



■ .S !i- 



■*s^f 



■' 



Fig, 4*6. 



330 



ENGINEERS' TURNING. 



439). The right hand end of the bar is clamped in a hole in & 
bracket which is bolted to the former slide of ihe turret, using ihe 
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Fig. 429. 

former (Fig, 430) on the square 
turret- The bore is next finished 
with the tool (Fig. 431), held by 
its body in a split bush in the 
standard holder on the turret. A 
radius tool is now put jn the square 
turret for rounding the edge of the 
shell, the tool {Fig. 436, b) being 
removed, and this completes Ihe 
first set of operations from one end, 
after which the shell is reversed end 
for end for the second set. 

The turned body of the shell 

is clamped in the special chuclc (Fig. 43?) which fits, hke Fig. 

425, on the spindle nose of the lathe- The chuck is made in 
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iwo pjirts, the bank, a aitadied in ilie flangi- of ilic spindlt now 
wilh studs, and the front n attached to a vrith studs c, scrcwd 
into A, but b£tving clearing hiolei with \ in. pUy in n. Tb» 
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Fig- 434- 
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permits or eiact centring of the work, by means of ihe set si 
D, which are tapped into the flange of A. 

Afttr chucking, the lit i^ cut ofT ^liib a pariing tool, and X\ 
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inserted in ihe square turret, mid the point, 
and the largest diarai:tcr of ihi; shell rough lurncd. TheiooMFtg. 

433) ^ ^^^ square ttirri-l forms the brgust diamelei, and the recess, 

using the cuttir a. Thu last opera- 

lion is that of lurnirg the radium uF 

tht: pointy using a tool in a special 

fijiture on the lurrcL, and a ftrrmer 

in the square lunreL The former h 

shown in Fig. 434, ihe toul in its 

holder with supporting bracket in 

h'ig. 435. The face a of the bntcket 

hohs on tint' of ihu fTai faces of the 

turret, the roller a is pressed against thi; edge of the former plate, 

the tool B roughs and c finishes the curved profile?. The tools 

arc carried at the end of a stem damptd in a bmcki;! bolted to 
I ihe slide D, vee'd and gibbed to the 

' main bracket a. The tool bracket or 

post can be adjusted along the i^lide with 
the lee-headcd bolls. The thrust is 
taker against a compression spring t, 
lo in. long, cn^:irding a rod with an 
adjusting screw at one end. Each toot 
is held between two grub screws, and 
two set screws, as shovrn in the enlarged 
detail (Hg. 436). 

The following o|>era.tians arc em 
ployed for producing the shell caps 
They art? put in the bell chuck (Kig 
4^s)i and set with a push rod in the 
iLirreL The large end is bored pare.lLeL 




t'i£. 4i7- 

anc faced with the turning tool (Pig 437, a) held in the square 
turret- Tht projection is next formed with the tool (Fig. 437, 
b), alMJ in the sQuarc turret. The bottom is then rough hored 
with the drill (Fig. 437, c), held in a spht bush In the standard 




334 



ENGmEEHS' TUK.V/NO, 



hoMi:r in tht turret. The radius is no"" rough bf>r^d with 
rormiiig tool in tht- turret, using the tool holder (Fig. 438) jrr»ppe<[ 
in a ajilit bracket atlLiched to the turreU and tlic former [V^, 
439}. '['he fjnishm^ operation is done in the same wa^, substi 
luting a finishing tool for ihe roughing. The finishing tool hdi 
its nose ground to a largtr radius, and has less top rake thaii 
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roughing. Thij patalltl portion is then hnished with 
(Fig. 437, a) in the square turret. 

Aflcr a quaniily have been finished in this manner, ihe sent 
of second operniiors is gore through. The shell cap is chucW 
on the drawback arbor (Fig. 440) with no^t pieti', and driven bf 
the ^^ s. futinij in a slot cut in the waste jiart of the cap- 

The nose piece fits the drawback 
collet nofiif at a, and is boked 
by the flange b to iiie spindle 
flange. The expanding ring c is 
split in three places, retained by 
the spring rin^ ^^ ^'^^ bavbfi 
three sloi^ in ihe body to con- 
trol the chucking pieces o i»hicK 
with the nose d of the nose piece 
are tbrusi into the shell cap. 
After chucking, the tool (Fig- 
437t ^) 'n the square turret is 
used to rough turn Che point. The large radius is turned with llu- 
special lool and tool holder (Hg. 435) on the turret, and a ronner 
similar lu Fig. 434^ but of a different curve, on the square turret. 
The lool (Kig. 441} is nc'.it usud to finish the form ixjiiil, heing 
held ir the square turret- It also fonns Ihe radius at (he large 
and, and cuts off, so completing the cap. Thure are 
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interesting details in the forms of these tools which we need not 
describe in detail, but which can be studied from the drawings, 
reproductions from the shop ones of Messrs Herbert. 

Fig, 442 is a useful attachment for the poppet, which is of 
value in cases where a turret is not fitted to the lathe^ and h 
suitable for a good range of small work- A stud a, fitting in the 
poppet barrel, carries the base b of the turret, upon which the 
turret proper lits, by an annular face a, and is retained by the 
central bolt seen. The face a is inclined at such an angle that 
each of the tool holes in the turret comes in line with the latht 
centrei when brought into position. The spring handle c locks the 
turret in each of its positions, by means of a pin. Any kinds of 
ordinary tools can be held in the turret holes, and the feeding up 
is done, as in drilling, with the poppet screw and handwheel It 
is obvious that a good range of work can be tackled with this 
appliance, and the cutting off, or similar operations can be done 
from the slide rest, so that all the advantages of a turret lathe are 
secured. To get the full advantage the lathe spindle should be 
hollow, enabling bars to be slid through as they are turned and cut 
off. This attachment is by Messrs G. Bitch & Co., Manchester. 
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Spbcial Work — Mkasukemant. GuiNmNG. 

Tht Vcftical Rofing nnd Turnmg Mill — Turning Pullejs — Mning Tyres lo 
(.>nlr« — ]1}]1[ TiiTning ^llsirking-nfi^Cmr Culhng — Mcuurmn^iit — 
Mu^aUo dliptis— Kis4il Guugcs— Limil Unupcs—tJjmged Fiia— Micro- 
mclcT Catigca — Corlh^s SJiJe Rutc — Wiimci Caimdcr — Tenine Ldlhtia— 
ruallcli&ni — fiai& lici*ecn Cenlres— Fnci" Pbics — Cicb.s SliJc— Loil 
MotluD fn Scit;w£— fiplndlcs and B«.rin£^^Tht GrindAinoi! ind Emery 
Wheel — Precision Grinding — SeLlcn' Miicbine. 

IN ibis ch:iptcr we touch on sundry uialtcrrs wliich do not be- 
long properly \q ihe prtvious cliapler contents, and which 
do not admit of evieiided ireaimeni in a bnok dealing with 
(he general aspects of the work. Outaide the common lalhc work 
which wt: have considered, there Is a lai^e and increasing volume 
done in laihes tjf a special character There an? also methods of 
nicaauring, and ^ugirg tD be touched on. 

The value of the vertical boring and turning niiJI has be€n 
receiving due appreciation in rtccm years. It aHbrds an eKample 
of an old dcisign long neglected, and revived and developed in 
America and in England under the pressure of competitive inanu- 
faciure. It is a lathc^ofien Ictined a vertical lathe, because its 
anis is verHcal, instead of horizontal, as in the common type, 11 
is also a duplr^K vertical lalhe^ because provision is made hy tvvo 
tool holders for the simultaneous operation of two tools. In ihc 
largest there are sometimes used two for turning, and one for 
boring - 

The advantages of having the spindle vertical and the face 
pUte or table horizontal are these : — 

Y 
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Chucking occupies much less HmCf becuise the work bysand 
is adjusted on a flat homontal face insie&d of being slung W 
adjusted on a vertical one. The table is supported and rouin 
on a flat annular bee next its periphery as well as on the centn 
support of the spindle or mandrel. The resalt is that heana 
cutting can be done, due to the absence of spring in the table 
No counterbalancing of irregularly-shaped pieces is necessary,!! 
is done when such pieces are chucked in a horiKintai laibe. anC 
which interfere with uniform rates of rotation- When a numbd 
of similar pieces* as those of segmental form have to be chucked, 
they are much more easily arranged on the horizontal table ihv 




Fig- 443- 



oa X vertk^ hcs plate. Besides this, all the advantages wluc' 
4K pvi£fii^ss«d by the best face lathes are present in theverlic 

Oui^png the axis of the lathe from horizontal to vertiol. ' 
iti ^ vemal machines, involves many alterations in design i 
•ibfiVHAe^ spuidle, and in the tool slides. With regard to the tab 
ai*d 9?wtdle« tbe design resembles in some respects that of »1 
barf (Bce hthe in this respect, that the end of the spindle 
fannod into a 90Ud broad flange to which the face plate is bdti 
mad diat the driruig is throt^h a wheel nearly as large in diamc 
« tbe&oepb^ On the other huMl the spindle nediari 
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the is lapcrcd for taking up wear, >vhtlc the neclcs of 
i^onuL Ijtihes are inoslly parallcL 

miecial laihes (liost for liiinin^ thf rims of beU pulleys 
111 fa<:tancs that Eit.inuf;icturi.' ihesi: iji Uir^ quantities. 
pulley in a L-ommon lathe the arms are pinched against 
iljiie, and this lends In spring both ihcm ;ind the rim 
Liuth, A\%o the hole is bored at a disadvantage, 
'way to lum a pufL-y is to l»ore ihe hnle first on a 
iring Ulhe o£ mill, mount it on 3 mandrd by the bored 

tufi> the rim. This 

le worl( between two 

and saves lime, vihile 

more accurate re'.ulu, 

mtley on a mandit! lie- 

ilrcs in \\\c pulley lathe, 

by a Clements er[Ufil- 

:r. 'I'hcte is thui no 

^icis'.'d on thi:^ arti'is, l>ui 

force only in the plane 

irms. The turning is 

two tools held in rtsl^ 

lite ^ides of ihe nm. 

ijusted inwards 

idualed ways, 

hoksin tcL' sloi^ 

can he set al an an^lo 

'the d«ired bevel for 





Fig. 444- 



[maDdrel U driven at a 

;d through a \\oim ^nd 
ii;eli As ihercfoce the i:onc pulley nins ,nt a much 
Ihar Ihe mandrel, it is utilised for jiolishing, for 
sieel mandrel and rests are pnividfxi, other operations 
fimultuneously. 
IdeLails of Ihe fiiLing and shrinking of tyres to cenlrea 
arc as folFows , — 

Mitrc is lumed and Ibe tyre bored lo fit, with an allow 
jhcaiJng and shrinking on. Th<? depth of thu shoulder h 
is about ,V in. 'Hie allowance for shfinkini; ughlly 
[Vi iiu on a » ft. cenire, bm it will be siightly leas or 
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more according to the hardness oi sufEnc^s of ihe btE^I lyrc% nioie 
^hnnk^go being fiatcly permiEEible ori the latier than on the 
Former. Mf.*asurempnt is madtr by ihe lurni^r wi(h a cnhper and 
a rod gauge. As there arc two dianieterSf two sets of gauges irc 
requirtd. A fixed caliper is ahown embracing (he larger UiameW 
of ihe centru in Fig. 444, Two rod g:mgt*i are neen^ — one in eidi 
diameter of Lhe tyre bore — in Fig, 444, Fixed cab'pcrs do not 
alwAys pay for lhe making, because r>f variaiions in ihe bores of 
Lhe tyres when the^ come from the hieelwoika, i^hich somelimci 
n&eessitates a variaiion of \ in. in the bored dimensions and in 
lhe dian>L"icrs of the centre. Common calipers are iherefarfi 
often used. But it i^ desirable as ^ rule to mnke fixed cali^KR 
and to stamp them with the order ntimber of Ihe job, and piU 
iht'in awiiy with [he rod gauges for fjtiire use and reference- 
The width of shoulder a ia checked by another pair of gauge* 
(Fig, 445). The central hole for the a>:le is bored ai the same 

selling a.s that for tht? luming- 
The centre is chucked by 
means of hoi fa passing throtjgh 
ita disc into a slotted ficc 
plate ; the lyre is chuckeil in 
Fig, 445, the dogs of a chuck, grtppng 

the ouiside edges. 
After a number of tyres and centres are Mius prepared, the) 
and the lyres are heated in a reverberaiory furnni:e to a brighl 
red. The centres arc laid upon ;l Jcvcllirig block. The lyre* on 
being taken singly frcim rhe furnace are slunR in the hooks from a 
crane embracing the Jlangeti, and lowered each ovirr a cen 
which ihey will clear slightly when at a good red heaL If 
tyres gel crosswise and so become hiiched '\x\ Ihe centres, th^ 
may become fixed thus, due 10 the shrinkage which very sooD 
takes place. Occasionally it has been necessary to break a ce 
lo gel off a tyre so fixed, or Lhe centre has been savcKl by ninnr 
segments of molten iron round the lyre in the foundry, so cflusing 
it lo expand sufficiently to allow of lhe removal of the centre. 

AfccT the tyre is lowered down into position^ and while it 
shrinking and cooling, a large amount of heal is iransnnited fi 
it to the centre. Then two risks have to he guarded agai 
One is the cApansior of the centre and stretching of Mic lyre, w 
preventing it from tilting tightly when cold. 'I'he 
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fracture of the centre, due lo the outer parts becoming very hot 
while the central [xirlions remain cclcJ. To prevent ihese con- 
tingenciea ffom occuning^ cold water is poured from a can into 
the depression formed by the nm round the disc. As the water 
becomes lioi, some of it evaporates, or is removed to niaJce room 
for fresh supplies of cold. This ta continued until thu hand can 
be placed and held on the work. Occasionally cenlr^s are made 
with arms. It fs not good prcLclice, because ihuy are so liable to 
fracture. When such are usedj the spaces betwi^en the arms 
have to be filled up with %\\H clay, so that the centre wili retain 
the walct poured in for cooling. 

After the tyres have been shrunk on, the axles are driven into 
the bored holes ;tnd keyed, and if the Eread^ have to be turni^d. 
then ihis is dorte with the atlcs runainj- between centres, The 
wheels being therefore turned on iheir 
axles niusl run (jerfectly ime. 

It is not necessary 10 turn the ouler 
faces of lyre and centre. But thi* is oflt^n 
done for good appearance. It is seldom 
that tyres and centre castings will be of 
exactly the samt? width so as to be quite 
flush. It ta better for good appearance* 
if the two are not to be faced off, to 
let the centre l>e 3V ^^ i '"■ wider than 
the lyre. 

There are two smoll boll holes reijaired in the centres (Fig, 
Ji,4^ for chucking by. These are cast \n simply for the purpose 
of bolting the centrt to tht^ face plate during turning. It is the 
only available method nf chucking. 

Ball turning gcncriilly ha^ two application^! that of smoothing 
up governor balls, and luming ball valves for brass work. An 
adaptation of a spherical slide t^\^l working a single jminted tool 
in a circle arc, is an accurate method, but in thi; usual practice 
of the shops the work h done in an ordiniiry lathi?, using a concave 
scraping tool for the purpose, aa in V\g. 446. If balls are turned 
From solid bar, the roughing oat is first done with a single pointed 
tool, by hand, or by mnnipulming Ihe traverse and cross lilides of 
the rest by hand. Then the concave forming tool finishes. 
Governor balls are generaJly cast ^vith holes through them, in 
which, after reaming, a mandrel is driven, and the ball turned on 
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it. They ate also cast wilh tits to centre by, and when the pxa 
portion of the surface is finished, the tits are nicked domi, sevenog 
the balls, which are then finished at the end by filling, or with > 
ball cutter. 

A ball cutter (Fig. 447), is a hardened steel tube, with abort 
pround true, leaving an annular scraping edge- A handle b 
screwed into the lube. This tool is used for smoothing ind 
polishing halls, during which process the balls are held in a cup 
chuck, made of hard wood, ot of a soft alloy, as equal parts of 
tin and lead, the chuck being tapered, rather than concave, » 
that the pressure of the tool against the ball tends to tighten it in 
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ihe chuck. The position of the ball in the chuck Is repeatedly 
shifted, to present fresh surfaces to the ball cutter, 

Backing-ofT, or relieving assumes greater importance as in^ 
use of profiled, and relieved nulling cutters increases. MsJ^y 
special lathes are designed solely for the work, into the delaiUof 
which we cannot enter, but the principle is that of using a tool, of 
the profile shape of the tooth, and causing this tool to advance a& 
the work is rotated, so imparting a relief, while still retaining tbe 
tooth shape intact. A device which accomplishes the work, and 
used in an ordinary lathe, is illustrated in Fig- 44S, and will be 
sufficient to show the principle of the operation. The atabd 
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Elwecn the bthc centres, slightly eccentric, so that 
litf is imparled lo ihe milling culler w, mounted 
n ^lervc C- The Tn*indri?l A is driven by the tramer u frGni 
fhc driver ])laie. A micHet wheel e; is fitted on the sleeve 
tKiweon ihis latchet and the driver d is an tcceniric r, 
with a stud whiuh projecis into a ^\oi in th^driver d, and 
5wh can he I'lampi^d lo the same by the rul. A rocking arm 
|*i Bi mrjnnted ni^ the erri/ntrie, and ha-i a ^Jfii in iis end lo enibrace 
Blpia JT fixed in the tixm j, A pawl is fitted al the ether end of 
p, bo engagt? in the i^tchet Lec^lh, I'herolbre when the mandrel a 
pi revolved, llie rockinj» arm is operared hy Ih^? ecc<?nlric, and iho 
tDlCcJ, with its sletjive is turned through a partial rolation. The 
irm J js a slipping (n upon ihe sleeve, and has washers k, k, 
kdjusled b; the nut i, sufficiently to prevent tlie arm j fixim 
lurnitig except under the action of the puwl. The eccentric is 
jdlutthle, and is set to turn tht cutler ahead one toolh at each 
^Hpn of the mandrel. Each tooLh h thus brought in turn 
PPb the relievmg looL The rutchel wheel bein^ provided 
rkh thirty-six teeth, and the eccentric capable of being ^ei lo 
hfOw one, t«o, three, or four teeth, cutlers having nine, twelve, 
lightecn, ;jr thirty-six teeth may tx: backed off. 

The practice of gear-cutting and milling in the latht. ihou^li 
kioQtly discarded in the big shops by tlie inlroduclion of the 
pecial maciiines adapted for that class of work, is still carried on 
p nittll establishments, i;specijlly for the smaller kind* of geara. 
|uch work h dont: by an altachmeni fttled lo the cross slide of 
he lathe, and it also involves an adjustable pulley on an overhead! 
IOunio»haft, which pulley must be counterbalanced in order to 
tkc up the stack of the driving cord' Mg- 449 gives tno vtews 
>f an allachment of this kind by Messrs G. Rirrh & Co,, of 
llftnche^tcr, The swtv<.-J base fits on the cross slide (in place 
f the compound rest)* on which i1 can be set to any required 
iiglc fut cutting bevel wheels. When set SLjuarc (l is suitable 
bf cutting spurs. It will aUo deal wilh straight toothed worm 
paring. In the?ie Tig^. the pulley a receives the driving cord, 
fUkh runs on and ofT the two guide pulleys b, which am 
hipible of slewing bodily around the axis of a to suit difTerent 
^Ics o( dri\'e. The Utter takers plact through s|>ur gears c 
itid D to the spindle e, coned to receive cullers or arbors. The 
mfff A ean aUo be attached to the top of the cutter spindle r, 
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^\\i:n a liigli rale of speed is required. The cutler spindle 
with its slides can be moved round ihe face of the sland;ird G, 
which, like ihe hiise, is graduated. There are two compound 
slides V and j, the movctnenl of ibc hiJinclle vertically being 
effected by i\\ti screw h, and hijriwjnially hy k. The \n\t:\\ of ihe 
wheels being cut is of courae obtained by a dividing plate on the 
lathe headsloek. 

Notvrith&tanding the development cjf ihe gauge ^y^tem of 
measuremenl the calipering of work still occupies a preeminent 
place. This 16 true to a much greater extent in ihe jobbing shops 
than in itiose where specialties are handled^ Each system lills 
A useful sphertr. Ciltpurs may be used in three ways, the 
measuremeJit taktu by i}]t;ni may be: checked by a common rule^ 
or by another pair of calipers, internal fitting cictcrnal, or vi^ 
versA, or by a gauge. The rule method is suitable for much work 
of an ordinary character, internal calipers and exlemal calipers 
arc tried over one another when bored and turnL^d parts have to 
fir, calipers are tried against gauges when work hiis to be dene to 
gauge. But in all kii^ds of caUperinj;, however tested, a great 
point is to avoid spring, ihe presence of which will cause false 
reading. If there k any tendency lo elasticity in calipers, and 
there is generally some, more or kss, the workman must eKL-rcisc 
a very delicate touch to avoid a tight fit, the merest contact alone 
being permissible- Another thing is the avoidance of cross 
mcasuremjjnt^ If calipers are held dia^'onally they do not of 
course register the exact diameter. Another common evil to be 
guarded against is tliai of uieasurin^ work while running in the 
lathe, 'lliis is justifiable when roughing down to obtain approxi- 
mate sizes, but not when fine measurement!^ are in question- 

The inaccuracies which frequently result from the use of 
movable calipers are the reason why ftxed calipers have long been 
employed in the sho^js for me:uiuriug standard dimensions in 
work frequently repeated These are termed horseshoe calipers, 
and also snap gauges. They measure one dimension only, and 
when properly hardened and j^round mainlain their truth for a 
long time in fair service* The equival^^nl for inside calipers is 
the rod gauge- 

For the average run of work the plug and ring gauges, the 
forms of which are wtll known» are generally more convenient, 
because they fit around the entire circumference of bar or hiAt. 
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When laming prtrallcl pieces of work ihe diameier is measured 
frcqucnily wiihoul stopping the lailiu by sliding ihc ring ^''"S* 
along the bar, by tneans of which tighl ind slack fits an? easily 
ilttccLcd. Plu^ gauges ure ^Iso used in tht !iaine f^iiun dunn;; 
Ihe boring of holes. This mode, though coramonly practised, is 
raiher rough on the gauges, aiid should not be perniitied in the 
case of high-class instruments. 

When calipers liC caliper^ and gauges, gauges, the provision 
for the various fit!4, ea^y and dnving, which art? renuired in the 
shops, dt[icnd entirely on the workmans sense of touch. To 
provide- something more accurate and uniform than this is 
object of die limit j^augt^s. ThesK are made smaller or larg 
than standard dimensions by a predetermined amount, and thif 
constitutes the *' diflerence/' or lltnit of fiL Such gauges are 
stamped + and - , or '*go on " and " not go on ", and the uit 
these opens up Ihc very wide question of tht; limits of loleran 
lo be allowed in different classes of work. It is obvious I 
these diflerencca must be rather wide In the extreme cases of v 
rou^^hi and very high class precision work. And closely conne<;t<;d 
wilh this is ihe subject of reference gauges, by which dimension^^ 
arc tested from time to time. To carry out this system in i^H 
entirety a largi; number of limit gauges are necessary, t>ecause th^ 
limits have la vary widi the difTeii^iiee in ihi: side of hok'- A 
smaller allowance is given in small holes than in those of la 
dianitters. Gauges are therefore made in which allowances 
be changc:d for different diameters, measurement being taken 
a series of hardened steel bars. '[ o carry out the system properly, 
provision has to be made for force fits, driving fiis, and running 
fits. And in running 6ls thret^ different classes arc recognised, 
one suitable for engine work, another for high speeds and average 
machine worl:, and another for fine tool work. The point is ihai 
these various ftls arc embodied in ihe gauges issued by 
toolmaking Eirms, or made In the shops of Lhe firm Usiing them. 

The following allowances are those embodied by ihe New 
Engineering Co. Ltd., of Warrington, in their gauges. Th 
recognise three separate allowances for running fitf^, one of whtch 
only^ihc medium, suitable for good average machine work 
given here. 
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which lies directly against the inner scale on Ihe boltom disc, 
and wlijch i& so adjusted relatively lo the [wo arrows lh;iL the 
cutting spot^d thac corresponds lo a certain diameter^ rind the 
readings of the two arrows, is read off dJTeclly opposite to thai 
diameter. 

£.Tflffl//^.^^B/ dra*iny a chalk line along a shaft calipering 
9j inches in diameter and notirg when thi.^ line revolves pasl the 
point of tht^ cutting tool, it is found that the shaXt makes 30 
revolutions in 1.3? minutes. How many revolutions does the 
shaft make jjpr minute, and what is its culling; n|ieed ? 

As the shaft made 30 revolutions in 1,31 minutes it evidently 
made lo revolutions in one-third of that time, t'.e^t fn 0,44 minutes; 
selling the one arrow lo read 0.44 on the scale of time for la 
revolutions, we lind the othet arrow to point to about Z3>7 
revolutions per minute, while opposite to gj Inches on tht; scale 
of diameters ^e read olT the corresponding cutting speed to have 
been about 56-3 feet per minute. This Is ihe example for which 
ihf instrument is ^et in the ilkistration- 

Whenever a diameter leas than an inch is dealt with, which 
will frequently l^e the case when the culling speed at iht circum- 
ference of a drill is to he determined, read off the eutlin^ speed 
for a diameter ten limes larger than Ihc one under con sidera lion, 
and then divide this cutting speed hy ten. 

The reversed use of the instrument for determining the 
number oF rcvoliitions per minute at vhich a piece of work of a 
certain diameter mu5i revolve in order to give a certain cutting 
speed, will be self-evident lo the reader. 

Another device to lessen the work of the turner is the "Cut 
Meier/' made by the Warner Instrument (Jo,, and devised to 
indicate at once the surface speed of a rotating shaft, or spindle, 
A rubber-tyred wheel is held in contact with the work beifig tested, 
and ihis^ tlirojgh the medium of a tachometer device, enclosird 
in a box, shows the surface speed in feet per minute upon u card, 
without any calculation or trouble whatever. The instrument 
may be obviously applied lo other jobs, as drills, and boring bits. 

As lathes wear, Ehey require to be tested from time to trme^ 
and corrections made if nLcessar)'. Parallelism may be tested by 
setting a long bar between centres, and turning up one end for 
an inch or two; then reverse Ihe bar jn the lathe, and without 
altering the rest setting, turn the reversed end for fin inch or two. 
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R\m the *lide resi alcmg to ihe end first turned, and if the lool 
just Bimkcs contactt and without taking a cuU the turning dl each 
L'ncI is equiil in size and parallel, and the lathe t-cntrts are tnitf. 
Another way is to take a bar, lum Ji up between the centres, ai 
turn one end taper to fit the mandrel bore, taking the place of x\ 
live centre, the remainder of the bar beiny turned perfectlj^ parallel" 
The ia|jL;rtd end is now (ilted Jnlo the spindle, and the poppe( 
removed away. If the lathe is Irue, the bar will run truly. 
the overhang of the bar is considerable a good plan is to drill 
upi and so lighten it, making it tubular instead of^iolidp Anothei 
method is to turn two discB of lar^e diameter, say nearly as large 
as tht? lathe will lake, each turned up carefully and fitting by a 
stem, one to the hvc tipindli--, the other to the poppet spindle in 
place of the centres. If ihese are then brought up face to 
and fit all over Ehcir faces, and Jlush round their circumferrni 
the lathe spindles are true- Want of Iriilh will bo evident in the 
disc? sLinding a|iart| over portions of their faces, or in the circnm 
ferences not niaiching, or both. A refinement in auch testing ia 
made by inserting pieces of paper between the disc ^ces, and^H 
then pulling; ut chem to sei: where the fu is tight or easy, ^| 

To lest whclher the cross slide of the rest is at a right angle with 
the lathe bed, and the live spindle, lake a fine cut over ihe face d( 
the largest face plate the lathe will carry. Then try a strai( 
edge across the plate \ if the face is true — neither conveys, nor^ 
concave — the slide is at tiyht angles. A fine lest may then ht 
made with luiper, ^Tipped between a bar held in the lest and ihc 
face of the plate^ moving the end of the bar across and testing ^^h 
intifrval^, ^H 

There arc other manure which have to be tested fiom lime to 
time, particularly the slack of the screws, and of bearings, and the 
truth of the bed. Thi^ last named c.in be lested by a slraighi-edgc 
and spiril luvel, since beds will sometimes f^o out of truth byscUle- 
ment of the foundations as well as by wear The wear on a bed 
is always more severe near the htadslocV than elsewhere. Lost 
motion on the screws is bound to occur in time, this can be easily 
tried by ascertaining how much they can be moved without giving 
motion to the slides. This can only be corrected by fitting nt» 
nuts. But as all laihe screws have some amount of lost m^Lion, 
ihis gives little trouble if the turner is careful to take it up, before 
commeneing any prct:isc work, such as scrcw-cutiing, or turtting 
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fine dTmeasions- Spindk'S can lit? tested by mictorreter ralipers, 
or caliper squares at different pkccs round the dmmtter l^ihuuld 
Ihcy become scored badly, they must be r^round, and new bear- 
iiigs fined The fit of a spindle in its bearings c;in be tested with 
oil, t:olourL-d ■wilh very thin redlcatl, or as some prefer with 
Prussian blue, which does not contain grit. Testing may also be 
dotie on laihes with indicaiors^ of ^ihidi sev(?ral lyp&i iirt in use. 
Very di^licatc tests of Ihe running of spindles and turned work 
may be performed wilh these insiruments ^vhich magnify any 
divergence from accuracyn and indicate the same upon a divided 
scale. 

Turning tools art in many shops ireatcd on the grindstont^ 
although the emery wheel has largely invaded the sphere of the 
slone during recent years. Grindstones also are generally destitute 
of any appliances for presenting the tools at lised angles, so that 
the workman boa to uf;e his eye as a test, or employ a gauge, and 
the tool fs \SAd on a bar that bridges the trough In front of the 
stone, and which is moved inwards as the sione wtats- A con- 
sidciable number of grindstones now hiivc a tool holder fitted in 
place of this bar^ with compound slides, and a good system of 
water flooding, applied to the stone only at the lime of grinding, 
and over Che area where grinding rakes place. 

The emery wheel has taken the place almost entirely of the 
grindstone in many engineers' shops, often loo in combinMion 
with attachmerits for holding the tools at precise and untform 
angles. The highest development in this direction has been made 
by Messrs ^Villiam Sellers & Co. Incorporated, One of their 
machines is illustrated in the author's work on " Toois " with fully 
detailed drawing-s. Another ia ^hown here by a photograph only 
[Fig. 451). It is designed for grinding all ordinary single-edged 
cutting tools, used on the laihe and allied machines, wilh the most 
enact precision of angle measured in degrees, Aho the outline of 
a point of a toul, or any ttumber of similar tools can be produced 
with uniformity by means of a former^ and such being [he case, it 
foUovffs that the shapes of tools ground at different periods can be 
produced exactly by these aids- No skilled labour is required, 
for a man or boy can take charge of all tht tools in a shop. 
Looking at the photo (I'lg. 451), we see that the entire mechanism 
is carried on the combined stand and water trough. This 
mechanism comprises the grinding wheel, the Lool stand, and tool 




holder, which roceives movenienl for grind fng too)* simight forward, 
convL'A, or 10 aii angle. The ciuire holder is oscillaled l>)' ihc 
movement of the arm seen to the Jeft, about a centre in the hosc^ 
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Ihc amouni of whicli movcmenl is totilroUed by ibc handle abova 
and Jt is maintained in equilibrium by adjuatmg Ebe tension of th^^ 
spring below, so thnt when osrrlbtcrd by the handle (he musoiIt^H 
work is reduced^ Adjuatmenl of ihe tool lowiirds the grinding 
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*rhcel IS effected by the hand wheel seen above. The imvcrse of 
ihe lool pasi the fAce of ihc ivheel is eiTdCied by the movement of 
jllic oscillaling iinri along a ,s[iafl, by [be Iwrid wheel ^een ai the 
which opemtcs a screen. The tocl holder is a bushf with fl 
wctangular openin« for sr^uare tooh. It is grijjpfd in a split boss, 
^nd the holder citi be tLdju^ted for angle on a horizontal cjuadtant 
ba5& 

For grinding lock with curved faces an osciHating holdtir is 
provided, seen on the ground to the right. A square atcm on the 
ehuck lakes ihu place of the tool in tht hotder, and serves to 
suppirt an oscillating frame, which carries a tool bolder by niears 
of trunnions, and partakes of Che oscillation of the frame. The 
elds of the lool holder are shaped an a former, which is held 
in contact with a guiding face by a counterweigh I. As the holder 
i& oscillated about il^ bearin^:^ the effect is that a round faced tool 
is ground to rorrespond with che shape of the forniLT. if the tool 
projects beyond the former, the radius of it^ nose will be larger 
in direct proportion to the amount oF such projection. If the 
loo! [joint lit.-s within the former, the rjdius of its no.se will he less : 
in this way a :ihorp pointed tool may be groundt It is possible 
therefore with one former to grind all sira.ighiforward fcols. To 
grind bent oues, liolder^j right and left handed iirc: fitted tc the 
o&citUting frame. 1 ool:; are set in the holder by a ^auge. The 
t-mery wheel haii two movemeni^, one of roiaiiciii aivi one of 
traverse, effected respectively by the Uiit^i: and small pulleys seen 
x\ the extreme right One of these is keyed on the shatt, the other 
on an extens^cm of a double clutch, sliding on a sleeve, within 
svbich sleeve the wheel shaflruns, and partakes of its ilidin;; motion. 
Ibis prevents grooving of the H"heel, The two pulleys revolve 
(udeperidently of ejch ulher, but slide in unison, and a roller 
operating on cither side of a groove, one edge of which x^ circular, 
the other cam sha[>ed, eiiher prevents endlong motion, or produces 
a reciprocating movcmL-nln Charts are tup plied wiih these grindtis, 
givii^g standard anyle* for the various toots ground, and the 
suitable angular settings of ihc tool holder, &c., by which the tool 
angles nmy be produced. 




CHAPTER XVTI. 
Tool Hold Efts, 

Liruii&Uutit lo Uhc at HoUlenr — Dlvytjlv ima three Oroupa^G roup with Ca^ 
jilflnt T»p Hnkf— ThcBablifigp Holder— Swivelling Cuuers—ElesigmoT— 
The Tangj'e — Smith & Cuvunlry— AmislronB — Taylur — (^rnup^iili Cvn- 
Blaut Ironi Knkc—RnLDd Tool Pojnia— Allen Willis- Siniili ALVenm 
— tituop*\iiliSiinighir'rward Culttrs— Tilt Ucm— T! mini —Curved T*nb 
— Disc Tuols— JltPutile-eJgeil Tijij|»— Tlic Itayilun tSar—MisccllaiWO* 
UulrlLTa^ATrnMroiigllurint; Holder — Taylor Ik'rii^ Tk*>l I li'lder— Scm- 
fUTrlr^ Toitl Flnkler^Tnylor — Armflrun^— Frail A; VVfiitiicv--Ob«:i'* 
lion^. 



ALTHOUGH a. good deal has been written about lool 
holders, or cutler bars as sooie prefer lo call ihcm, tht» 
(lesrripiions, and ihedkcusaions to which they have givoi 
rise, havL" mostly centred round three or four wdl-known l^pe* 
Oulsidt of these there is a larger number of bars and a greaier 
iiunibtr of di^aij^ns whkh arc lesiPi known. 

AUhL>Li|;h various tool holdeta have been boomed for soniethuig 
Ilk* thirty years past, they have been employed to but n limiieff 
otenE by comparison with aoiid tool5H In some ^hops tJicy arc 
used for all ^vort except the heaviest. In others thoy arcemplo^Ml 
cnfy on a few lailies. This is nor b*:"cause there are no go(xi I'lol 
holders, for there ate several -. but the reason lica partly in the" 
Hmilfltions, partly in ihc facl that tool holders of a more no^t^ 
form have invaded the shops and are effecting grtiti irhango \n 
practice. 1 allude, of course, to the growth of boJt tools In tUiW 
work- 

Tlie limitutiom lo tiie u^e of lool boldcT^ of the bar foini arc 
these: the nsc in temperature of the tool points under hcflvj 
cutting, and the w:inl ofrange in the Ibrma of the points. 

The tirsi-naried drawback^the rise in temperature undor 
heavy culling— is due lo the dilTerence in the mass ol a lool 
forged solidly with a massive !>hunk, and thti of a small |i»^tt 
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*d in a holder- The heat is nol di^tribured intc the body 
: holder in the latter case to the iamc eJttcnb that it is in a 
shank' Thi^ is the main reason why, apart from exceptional 
tions, as thai of deep bijrini^, ibL- soUd lqoIs nre reQiined for 

work in shops where holders are employed on the lighter 
. A lesser reason is the chance of tht-^ tool point skipping 

^reat pressure. 

He second point— namely, the want of range in angle and in 
— is pracrfcally inseparable from any design in which either 
igic of Trent clearance ur that of lop rake is embodied in 
jider itseir, as in Ihe ease in most dei^igns. Neither angle 
% he uniform for 3II metals and alloys. Yet tt is mosi 
,blc that one an^le, or both, he embodied and fined in the 
1 of yrip used. And when this is done for one an^'le, varia- 
U5 the other mLst be made by yrindiii^'t imd ^o one of the 
loges of the tool point, that of simplicity of form, is sacrificed, 
noiher mirier is, thai as turning and horing have to tw done 
ce ways, with straightforward and with right and lef^ hand 

tool points must be forged to these >^hapes, or else the 
rs musr be made straight and cranked, or sloiitd, or 10 
:, Further, one holder will not take different sr/es of tool 
t for smaller and largtr lathesj and thertfote holders must 
idc in different sizes. 
lien, agaiur the standard tool points do not cover the whole 

of wj>rt involved in the various finishing tools, as those of 
vc and profiled forms, nor of broud finJihing or comb tools. 
>t]T>ns occur, hut the contention 'v^ Ihiit if a tool holder (s 
led to use simple bar and to embody eonstant angles, the 
forms are not available. 

le tool holders vary much in design, yet ihey mostly fall 
rcat groupings. The essenee uf a toul holder toeing fijtiiy 
; tool angle, we have three broad groups, those in which the 
ke is constant, those in which the front rake or clearance is 
able, and a ihlrd raisttllancous group in which the holder 
iply designed to grip a straightforward form of tool which 
e ground to any -ingtes. Besidt'S these there are boring tools 
crew-threading loul holders, which may he classed as another 



ii early tool holder by Mr Biibljige (I'ig- 45-) hus lieim in 
eniiab the parent of Uter ones of thv con^lunl top rake type. 
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The tool was a rectangular piece of sieel, having i& end 
ground ^l an angte of altoui 60', \dth ihe shank. The holder. 
cdat in gun-incLaV and cranked, wa» pkrced wilb u rgtr^itt 
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vertical hulc tu icceivc a bolt a, having a long slol for ibfr 
Xao\, (he boll being secured with a nut below. The btili also 
pass<*d through twc circular wnsheis H, H, meeting by incliai^ faces 
of ^7% and checked together with slcaidying pins. The lower 

wafher ;v3s slotted to receivr^ 
x\\^ tool, and ihe upper nhu 
and between the two the ud 
was pinched, whiielheoircubr 
litting pi^rmitled ihe washers, 
boll, and tool, to be idjusled 
straightforward or right ami 
lufl hundcd Id an angle uf 
iibout 45 . 

The germ of many holdeis 
of ihis lypc. where the top 
rnk'; \^ made constant, htt 
a fifli (njlier a (Fig. 4Sj) 
pinched at an angle in thr 
cylindrical body of the clamping boh b. The aci of tij^hltning 
the bolt i;biii[;5 the 1c>ul beLwecn the ImdIeoiii uf ihe sloi <ind tlie 
edges of the shank. 'I'he cutler can ho swivdkd in iis boll 
any hori/uniat direction, for siratghiforward and right imd 
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hind le&ding. The amounl: of front rake or cleaFsince can be 
akertd, but iiol the Eop rake. The cun<:r i^ double-ended, which 
admits of two variations in front dearanco. 




K^. 454- 

In another holdc^r of the same gereral design, in which the top 
rake is constant, the- culttr is gripped betwet;n a swivel head 
enclosing u flug) ^^ pinching being elfc^uted by a iiul Jicrow :ibove 




I'ig' 455. 

(Fig- 454^ The head swivels in its socket in the end of the bar, 
and whtn the tool is thus set, il is lightened by a nut 

In Y'%. 455 'l^'' t^tilli^'"' i*^ betd Ifctwetn ihi: head a of a Uilt 
and a conical washer B, both rcctagcd at the side to receive the 
tooL 
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In Xhti Tatiiiye holder ih^Tu arc tliree slois jn the bead fcir the 
cutleri which is iipprojlni.iitly of a vee sha|Jif, One is siraighl- 
rorwartl, and orit- i:ai;h fur riglit and left hand cutting, sel al M 
angle of 45', The angle of lop rake is fixt'd, and ihe from oT 
ihe tool is yround. It is pinched wrih a s<?l scfl-w through tfc^ 
top of the boss. 





The Smith & Coventry holder (Fi^- 456) permits the lool to 
swivel at any angle, Hi^re the cutter is of ihe form of a iriincated 
wedge. The front fact alone is ground, and this gives a deararwe 
angle of i in S, or about tqual 10 7', The cutting angle H 
tonsiaiit. being 68'. Ti can l>e alurtd, if nLTc^sary, by t^rindinf 
the lop face. The tool is gripi>ed and swivelled thus: it is 




Fig. 457- 

supported in a recess in the swivelling rest a, which is 
ats 3 tail to form the damping;; boll. The tool is pinched brtWCCB 
A and ihf colUr h. It tan bt: moved liudc and forth iu iin hoMtf 
s.]so 10 get it into recesaed work, and the culling point cm he 
ground Hat, convex, or vce'c], a^ rer^mred. 

The Armstrong tool holder (Fig, 457) w a very simple design. 
in which the top rake is constani. An inclined slot in the end rf 
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the bar receives a square tool» which is pinched with a. set screw. 
It is designed for use in American lathes, being made in various 
cross sections of steel to sulL different posts ranging from ^ m. by 




Fig- 4SS- 



J in. by 5 in. long, for cutters -^^ m. s(]uarc, up to ij in, by 2\ in, 
by ao in, long, for cutters j in- square. 

The hole for ihe tool is cut through the solid, seirhardcning 
steel being preferably used for the cutters. 

The holders by Mr Charles Taylor, of Birmingham (Figs. 458 




H 



Fig- 4S9- 

and 459), give constant top rake. The difference between the 
two is that the first is for elevating tool posts, the second for flat- 
Copped slide rests. The advantages are that the cutters can be 
put in from the side, so that the holder need not overhang 
the front of the rest They will also turn up to a shoulder, 
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Long pieces of steel can be inserted, which 15 not wastefu! rf 
nmtcrial. 

Coming to holders of the second class, there is one which hoe 
appaired in various guiseji, in which the from rnkc it rendered 
cuniiianl by setlint: a cylinder cutler in a hole drilled in the boss 
of the holder at the angle of front clcnxrance. The cuUer \% 

secured there with a wedj^e 
or vedges, tightened by a 
screw bolt forming ihe tail lA 
ihc wedge, the bolt bemg set 
L-ither horiaotilally or verlJ- 
cilly. The hole for \\\t 
cutler can be drilled al wi 
angle stdeways to give srik 
rakt' to the Icitding edge in 
traversing. Top rake can ht 
altered easily by grinding ibr 
upper or cutting end uf ihc 
bar at varying angies- 

The simple wedging of 
round tool, with or vrilbuul 
serrations on the surface of wedge nnd tool m contact, is a raihcr 
old device, I:i Alltn's tool holder the cutter is of circuU* cross 
section, and set at an angle, siinilnrly to the round tool points in 
the earlier Smilh & Coventry bar^ but it is gripped by means (if a 
wedge behind it. To prevent slip, the back of the tool inJ ihc 
face of the wedge are serrated to correspond. 
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Fig, 461, 

A snb-type of tool hcjlder^ is that in which the tool is cbml 
between the side of rJie head and a loose jaw, originally d^ign^ 
by Professor Willis. In one cif these, the tool, of stiuair sectiuiu 
b ground in graver fashion, and the recesses m head and jaw 
ihetefore angular Serrations on tool and grips 
during heavy cutdngn 



head and jaw dO^J 
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In anoiKer design of a tool held in a vertical angle ihe method 
of damping is slniiliir lo llial adopted wilh Irammcl heads (Fig. 
460}, a Btnp being pinched against the cutler body by a screw. 
The holder k iitied in thi* end of the shank with a conical-nrcked 
ho\t 

The plan somelimes adopted of damping a \oo\ in a hoUow 
tHiTing bar by a long bnli passing through the centre lias hten 
designed for tool holders for lathes. 

In one of these the lool holding head is in one with the bolt 
or bar (Fig, 4^1) thcii jusses ihroagh the holloa bar which 
ia clamped in the rest. The head is pierced lo receive a cutler 
at a veriira] angle, giving constant front rake. Pin^ behmd the 

tool, and [xissing through hohiconCal 
Jilols in the head, secure it when 
[he boll 1^ drjwn back In the hollow 
bar by the tightening of the nul in 
the rear. 




Fig. 46a, 



Fig. 463. 



I In the Smith !k Coventry holder, illustratad on page 44, a 

constant front clearance angle is maintained for the cotters, imd 
the lop bevels nione are ground. A cuttJng angle b embodied, 
of 50" for alf wrought metals, and one of 60' for all cast metals, a 
gauge (Fig. 4*^) t'^^i^g used for grinding by. The looJ point is 
pinched by Che set screw seen in the section, I'ig. 31, page 44. 
The maxLinuxti depth of cut |>os*iible with these points is not 
greater thfln one half the diameter of the steel. This ih a good 
tool fur roughing out, 

We now come to the third group of tool holders, which are 
not covered by the two broad types just noticed. 

In an eady design of bar (Fig, 463!, using horiKonial cii!ters, 
the cylindrical uiil of a snivelling boll, pierced lo hold the tool, 
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is set uppermost in the Uar, (ht cUmping nut being Sclow. The 
li^ol ^joint hert is just an urdinary Litlie tool, with a short ^iiant 




I'ia-^H- 



dapipcd in a horizontal slot in the cylindrical part of Ibc bolt, 
and LiLl Lhc angk^^ are obtained by finding. 

In ihe " Eeni," ont; of the hori/onlol designs (Fig. 464)1 



ia 





Fig. 465. 



tool passing through a slot in ihe clamping boll also entera mio 
Iho hollow shank of tho holder, whirh assists 10 rei.im it firmly 
un(i*?r heavy ciiuin^. In anLithi-r boriiontd dcsi^iti (l-'ig, 465J, 

the cutter, of vee sH^tiooH 

in ^B 




fits inioattctss cast in 

shank, in which it Isckmpvd 

down wilha sei-acrew. The 

Stale culting-ofT tool (Fig. 

466) is an appUcalion ol a 

horiKHMol cutTtT 10 a si 

fund ion. 

Thu Timm? (Kig. 467) is a good tool holder of tho honzontn 

type, using ordinary lafhe tools wiih short ^hanks^ or wiih h 

siianks in the cosi^ of those used for boring- The end of ihc hoi 

receives a boll, the head of whidi is above and the nut b^l 
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The tool passes through a slot in the head, and the tightening of 
the nut clamps \l between Ihat and the end of the shank. A slot 
cut in the shank of the holder receives the free end of the tool 





Fig. 467- 



shank when Cuming straightforward. The bolt head is serrated, 
like a short-toothed pinion in appearance, and horns or projections 
on the shank of the holder enter into these, steadying the tool 





Fig. 46S- 

under heavy cutting, and affording means for setting it at right 
and left hand angles. The bolt is disengaged by slackening back 
the nut sufliciently to enable the bolt to be lifted clear of the horns 
on the shank. 
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Numerous aiiempts have been made to jfrip curved I<xj1s in 
holdtis. Fig. 46S shiiws one de^gn i\i Ihis kind, Thie shank is 
cither tnafic round, to fit a hole in a turret* ot square for a ^v 




test. The head is pierced to receive a aitter slightly vee^ ii 
section, which is pinched by a set-scrtw pressing on a cm 
>vii5heror packing pii,'ce- The latter may be placed aUemativdf] 




Fig. 470. 

ilow, and a iJlraijjhC tool used flhovc. Such a dc*it,'n permits 
h'de variaiions in Ibe tool angles without iIil- sacnlici; 
aimpliciiyn 

'Hie invention of the- disc form of cueter (Fig. 469) (lUirkcdl 
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decided advance m cutting tools^ V\\e top nke ojily h^ to be 
grouml aiKl *harijcncd» jjrul ihis rnn iiu chmI)' iiltt-rt-i:! [■► Miit 
different laicula, Thecircukrcuitcr is adaptable to slraiyhlforward 
turning and to diagonal cutting or boring. In the original design 
ihe cutters w<:rc not only held with a holt, but a wedgn-ahajX! 
block ur bar was prtssed ngoinsl the back of the cutter to ndjusl 
the heiyhr of l[ie cutting tdgc. Three holes wtfre made in the 
di»c, uut (jf centre, to permit of utiliMn^ all tlie circumference aa 
grinding proceeded. 

Tht^e h a holder — the Haydon (Fig, 470)— which possesses 
Sfime intercM from the fact ihat it is adapted lo tool points formed 
of prismatic section, giviny what are termed duuble edgcj», one 
le'iiding for cutting LhL' ^huvln^ thickness, the other rultoxving fur 
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severing it by its edge- It is a good holder where heavy sl< 

is riot attempted. But the overhang of the cranked end is 

object iona hie, as is also the- limited ca|];iciiy of iht lool ^xiim. 

The shank of the bar is bent, so that the longitudinal nxis of 
the cutler makys an angle of 55^ with the horiioniaJ — done with 
the object of getting good average culting and clearance an^'les, 
ThL" boss piece A is forged solidly with the bar, and the tool point 
II i.s pinched belwci?r» this and the strap or sling c hy the screw i>. 
The view seen to the left of the middle figure h a ,sectitm tlirough 
the strap and against the vee grooved face of the end of the har, 
the Tool being removed. 

We nuH Jiote st>me miscellaneous holders, Y\^. 471 showF. 
the Armstrong boring holder, intended speciaMy for small tool 
points of Mushet steel. Its value lies at its ejLlciisibility, the 
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round lioldcr \ bein^ gripped in a. splil holder n, vrhich b d^tm^ 
HI a lool post or on ifit' rtsL Vrnvisiun is m.idt- far horing vill 
cullers a1 rieht anglcsH udd al an angle of 45\ effecltd bychftngu 
Iht^ caps, the utiti in ihe upper Hk^ure ixring substituteij Tor ihal h 

ihc lower. Till' locjk .shuwnare 
those used for boring, but screw- 
ihread tooU. or vte, squaren iir 
oilier sections, tan Lc fittcil m 
the same holders- ^H 

Figs, 477 and 473 show bco^H 
\ng tool holders by Mr Charlts 
Taylor, of Birmingham, the first 
fur large, ;md the sectmd Tur ^Tiial! 
holes. The first haj> a solid shank 
carr^'in^asmall cutler pinched n^— 
a. hole bored at an :in^ie for leid^f 
The second has a hollow shank 
tnto which the cullers fii, one at 
each end. Tliese are of round 
steel, tlie ends or which are ttenl 
hj the smith. A feature of value 
is thai the- sleeve design permits 
of longitudinal adjustment of ^^^ 
cuttm^ tools, so avoiding the n^H 
cessiiy for having numerous tod^^ 
t<j suit holes ofdifrererrt depths 
A new screw-culling tool 
holder is shewn by Vi^. 474. a 
recommendation of which is that 
it can be used in a ncjit sere 
cutting lathe, ll comprises 
hollow harAf vfilh a square shank 
for clamping in ihe rest. T 
hole is bored ecct!n[rically in [ 
bar, and leceives the holder B 
A, ihe end c being tumud small 
than U, and eccentrically wfih that. I he cap nut t». wiih a hmt 
thread, revolves on the end of .\, and i* driven by the lever K ft 
n driver fixed to the laec plate or other convenient locality, 
imparls motion to the lool holder u bymean^ ofa sicel followcrl 
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inserted in the l>ar; j is a feather which serves to steady the tool 
bar while cutting. The handle k» coming from n through a slot 
in A, is used 10 stop the tool and return tt to the starting point fur 
a fresh cuL g is an adjustable stop for regulating the length of 




Fig. 474- 

movement- Taper holes can be threaded by clamping the bar in 
the rest at an angle- 
Figs. 475 to 479 illustrate a tool holder for screw-cutting, by 
Mr Charles Taylor. Figs. 475, 476, and 477 ^^"^ ^^e body or 





Fig. 475- 



Fifi. 476. 



outer holder in plan, side, and front elevations respectively, marked 
A in the figures. The head, or end. of the holder, it will be noted, 
has two bosses to one side, bored to receive a barrel b (Fig. 478). 
in which the tool, of vee section, is clamped. This is effected by 
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tighlenirig ihc barrel holder c (Kig. 479)- The laiter, or loop 
piece* \s cbnipcd b> ihc screw u, and the liu^c acrcw e;, througii 





Fifi. 4rS, 



F't' 477- 

which ff passc&i holds the barrcl with iLa cutter at ilic rc;ijiiu 
angle to suit Ihrcatl^ t:f UifftrctJi degrees of indiniLiioii. 

The valut of the huldtT Hes in ihis^ that sinte the ciiit<^ra CJto] 
be swivelled b> the inoveincnt of llic barrel (Fig. 47^) and itS; 

contained tool in lis settings, 
a sinylt^ vee-shapf:d cutter will 
cut all vce threfldsj whtlhtr 
rii^hi or left, and of any du- 
meter, and Lill square threads 
of the sflmt width. Mofc- 
over, iis ihtf screws which 
hold eHl' cutler ^icid its barrel 
are distinct, the cutlet can be 
ukeii uui for grirding by 
loosening its screw, withuul 
slackening that whi<^h cUmp 
the barrtl Jl its angle. 

The Armstrong threading 
tiid holder (Fig- 430) ha* its 
culler ^luped to ihe section 
of the VVUiiworth or oth^r 
thread, and iherefofu on!) 
has Id he ground on its top 
race. The txick of the cutter 
is L'ccciuric, and hears against a hardened slop screw a. wortirf 
in a boss it ;tt the side of thu shank. The height of the culling 
edge can be delicately adjusted by moving this screw, and the 
tuiter then tightened u\i by the main screw. 
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The Pralt & Whitney threading tool holder is shown in 
F^. 4S1. The cutter is coerced by a tongue and groove, and its 
height is adjusted by the grub screw, working in a segmental thread 




Fig 4S0, 

on the corner of the cutter. The latter is then clamped by the 
bolt and loose clamping plate. 

A double knurling tool mounted in a holder (Fig. 4S2) 
completes our examples. 





Fig. 48>- 

We have not exhausted the holders, for they form a very much 
larger group than some might suspect. 

The subject of simpli&cation in tool angles is of great im- 
portance in the design of holders. Those have the least chance 

2K 



570 



ENGINEERS' TURNING. 



of survival in which ihi: grlncling oj^erations done on solit^ toob 
havti to be ptrformud on the tool points. Accordingly' wc find 
that in?arly all successful holders belong lo lyijes in which Di>f 
facet uiily of the tool poinL has Lo be ground. This exclude ^ 
once all double-edged tools. And so thti majonly of tool holderi 
in use fall under iwo heads — one, that in which ihc lop raite ii 
fijted i ihe other, iHai in which the front rake or clearance ii 
embodied. ThouL^h neither sjstom is elastic in the sense of 
permiLling of vari^itions in the lijced angles, yet the convenicatx 
of the design more than outweighs any such suppoi^ed diad 
vantage, the term supprsed bdng used adviiecll}-, because h-nldm 
have been in use for very many )ear& in our shop& in vthich ooc 
or other of the angles naaied above has been enibodied 
permanence. 
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On the whole ii st'tms better to fiv the front rnke or clearantt 
angle than ihc lop rake. "ITiere ia Tar less advantage lu br gained 
by efTecting any variation in the first named than in the second. 
The latier should be dilTerent in hard and soft nierals ; in cj^ 
iron, mild steel and brass, the former need not vary at all, iIkjuhH 
it often does, being greater in working sofL th;>n in hard malerial* 
Hence it is generally desirable tu fix ihe front Llt^ranu? in 
holder, and to vary the top rake by grinding a simple: fj 
Unforiunaiely this design requires that the tool point shall be 
a few degrees only from the vertical, and it is llien diffirull to 
make the holder strong yet snug enough to clear Ihe work. It ka* 
been done, hcwi^ver, and ihese designs hiive proved very u.wful 
holders in the shops. But many of the other forms seem eqiiall; 
good, since other things come in, as lubiication, good support, 
convenience, &c., to modify results. 
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CHAPTER XVIIL 
Sfii^eDs AND Feeds: Tooi, Steels. 

The Rdali"i» of Speeds, Dcpihs •'( Cul, nwil Fccth — Avuragc Kiilci— 
liitlucucc uf ClialLtr — Ain.1 ijf LuLriailicin — Tool Slccls - Carbon StrcU — 
MusliPi SippI— The High-spHMl Sitclji— T*yli>r-Wh[ic— Chtmital Cnm- 
pn^irion— t.'ost^Karl)' Troutilcs Inddenlnl to Ke-for^iny — The High 
TfiDpfniLiire Necswary — CuoUng—Enilu ranee — Cmbfltile Mode dT Action 
— Economy of High spend Trails — Working on Cast Iron— Eiumplea— 
And un Mild Siecl— The Marchcsiei Espciimcntj* — r™cUciJ Deduc- 
dons— The Ecimomy uf Sltw and Heivy CinlinK— Puwcr Absortied— 
AnniifuiiE'Whiiwonh KiperhienliL— f^xamplos of Very Homy Culling— 
M' Milcy'fi E»ptr[m«riti— S|wei of L'ultmg nrv\ An-n t^i Cut— Culdng 
AngL's— Riund-noKed TooU — Cnmp^riai^nii bt-twccn Ordinary Carban 
Tuol Slccl, Mu*hci, and High-speed diico— Endnnmcc Tc5U on— 
laivn&ity of Picssuje— Endurance of Ti.i»ls — IVcinhi i>f CuuJng^ Reinuvnl 
— Mr Noirifi's Experimems— Dtduetions fioni^ Economy of T*o Culling 
KdgH — Hr NieoUun'K Evperiinoxin wilh a Dynnmcmitlfr — Arffl of Cul, 
And Cutting Foice— Kimn of Tool UEed— Anneal fn]^ a VnlkTable Property 
:>f Highspeed J^leela— RcmmltaUle Drilling— Thi- Efffcl of ihe New 
Slccl* on Lache Work— Group* of CnUinpi — Rcirutrbs on. 

THE problem of speeds, depths of cut, and feeds cannot be 
seltled in a summary TashJon, beoflU!ic or difTerenoes ir 
tcxlurc of mciala. and alleys nomj^lly Ihe same, but ^hidi 
differ widely in iheir characteristics, and because of differerices in 
(cx>t sreel, inol shapes, and in the ammmi antt melhod of luliri- 
cation. To a cerlnin cstenl these aland in invt-rsp rdatfons- 
h\it some work cannot possibly be tooled at a high speed, and 
ihen slow culling, with di:ep cuts, and coarse feeds rausi be done. 
Thc speeds for the old carbon Lools arc generally given as 
follows' — Cfl^t iron, mrned ai from 15 fi, 10 ^o ft. a minute; 
sleds from 15 ft. to 30 ft, , wrought iron from ^5 ft. to 40 ft. a 
mmute ; while brass \s turned at from 40 it. to too ft. JSut no 
rule can be laid down^ which can In? of universal Jipplicaiion. A 
good deal aE5o depends on what the machines themselves will 
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stand, inajmuch as a stif, well -designed, and well-fitted michine 
free froDi diatltr, \^ capable of sustaining a feed iwlcc as raaiw 
as a machine posatssing opposiic characieri sties. Speaking 
generaUy, using the carbon steels, depths of cut range From ^'j in, 
lo } ir., 01 1 in., and feeds fiom 5V in> to J in. The fcol is 
Elated as length of traverse per single revolution. These average 
rata^ are exceeded in the high'Speed tools, examples of whtch 
oceur rn succeeding pagea. 

An important point is, that other conditiot^fi remaining the 
sane, increase in ont involves diminution in the orher. Htnce 
it is not yet possible to reduce the question of speeds and ht^% 
to formuljp^ or tables. Each class of job musi be seUled by 
itself in the practice of a given sKop, Much unifomiii)- rules \v> 
shops, because most lathes are so ill adapted for rapid changes oi 
speeds and feeds. A fundamental Imlh is ihat 10 remove a large 
quantity of metal quickly it is economical to reduce speed and 
increase feed ; while to finish rapidly, speed should be Increased, 
and feed reduced. 

Chatter is perhaps as ^reat an obstacle to the full efficiency ol 
cutting tools as any other condition^ so chat it is impossible to 
fted a tool coarsely if it chatters. Tliis is noliceablt- In the fixing 
of the tool, as well as the degree of rigidity possisscd by Ihc 
tnni holder, or the laihe framing. Thus a tool *iih much 
overhang will chatter, hence the need of good support close up 
lo the cutting edge. Anytliing thai reduces vibration reduces 
diatter, as hanging a weight on the tail end of a tool in a lathe, 
or pulling a wooden prop under a tool having much overhang, 
which cannot be avoided, are common shop devices for ledueiog 
chatter and increaiin^ [he efficiency of ihc tools. 

Lubrication is now done more efficiently than hitherto, and 
the result is seen in the increased output- Speeds are not 
usually increased for loola of carbon steel, but deeper cuts, or 
feeds, or both are the result of bstler lubrication- Water, the 
eni|>loyment of which ^as nearly universal eJicept for drilling and 
screwing, has given place in turret work and many plain turning 
lathes, to oil — lard oil is the- most advanced — with great advantiiges 
In point of efficiency of cutting (besides the belter finish of surface 
produced). When the oil is under pressure, the clftciency is still 
further increased, and this marks the last economy m this line— 
the tise of the best oil under high prensure appUijd to the work at 
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(he point of optralion of ihe cuuing tool or [ools. It is used 
in looh for lurninj; all metals and alloys without distinolion, rust 
iron alont' bc-iny usuaUy t'^;copled, though nol alwajs in turret, 
anJ scftw [iiathiiic work, la «hi;:h [jressarc pipcii ^rt filled. 

The materials of which the Loola employed by Ihe nieial 
turner art niadi? may be broadly cliissed as cammon hiyhcarbon 
sleds, Mushet 5tect, and high-apccd sleds. The differenre in 
these, without for the moment taking account of thdr chemical 
composiiian, is ihisz^Tht- firsi-nanit^d rciiuifis lo bt hardened 
«nd tempered; the second i:^ hardened in air^ with or wilhuut 
tempering. The differetice as regards cutliny capadty \% that the 
fir^t is !:>iiilable fur cutting all metah and alloys wiLhuut e^ueplioni 
al various t^peed^, wJEhin ii moderate ran^e. Us capacity Jn this 
respect is on(y limited by such conditions as the quality of the 
material 1>t:ing cut, the depth of cut, and coariiene^s of feed, the 
lubrication, thc^ degree of support afforded to the tools, and the 
nature of the work. The liecond, the Mu^iht^tf H specially used 
for cutting the harder sleds, which soon damage ihe edges of 
ordinary tempered tools. The place of the third, the high-speed 
&teeb, lies chiedy in the heavy roughing dowji of work in steel ; 
in a less degree in cast iron: while in finishing tuts they have 
litlk- advania^^e over the high^carbon sieels. 

The steel marufacturtr ,siK:eialise'» iemiM:rs of bteds exjcdy 
sutled to the kiiid of tool required. No. 3 temper, contaming 
abovii 1-5 \K\ cent, of carbon, is thai usually sujtplied for hilhe 
tools- TurnioE tools are hardened firiii, and then let down to a 
purple or plum colour, at which they are quenched for temper, 

The firsL deiJEirture from the *' [einper * or carbon steel WJs 
nifide by Mushet, who melted the mineral ^voiframile with steel, 
which gave certain regular percentages of tungsten, and manga- 
nese. The sted ao [jroduced hat! the properly of being "stlf- 
hardening "—that is of requinng no healing, and subsequent 
cooling in water Ut induce hardness. Il was alsfj able to withstand 
the heat developt-d by friction in cutting, and ih^: product, known 
as " Mushet," bus long been in use, and valued in turning luu^h 
and refracloiy mclals and alloys- Manganese gives this hittl its 
Gelf-hfiTdenBng property. L^ngley found that steel high in carbon, 
containing ahoat \ per cent- tungsten, and minute quantiiles of 
manganese had no sclf-liardenjng properly, and that the sdiiie 
steel remdted so as To contain 3 per c&nt. manganese, became an 
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excellent self-hartiening steel. I^ngley explains ihat tungsten is 
The Uetncnt which holds the carbon in solution, givmg ihii atcel^ 
IK mMl valuable profveTty, that of reniatnEng hard al a 
iwralivdy high tempt laluri::, A tool ttiodt of it can be used 
cutting at n hiyh f^pt'C'd, op<?raiing efficieiilly at a temperature, 
to tht! L-nnrmous friciion of the hjgh speed, ihm would soften arwl 
rcjidii^r useless the beat carbon stet] tool made- Muahet steel ti^^J 
n^w boing pressed hardly by the high-speed Meels. ^H 

The hi^h^^iTctd steel was first intrtiduci-d to the publiV at the 
Pans ExhibilioTi of i^oo. At the stand of the Bethlchtrni Steel. 
Co. ai Viiicennes^ a lathe of alKiul 30 in, eenire carried a pietf^^ 
of work of zo in, diameter, on which cutting was being dor»^™ 
al 145 ft. per mmutL-, the depth of cut being -,-'g in,, the f«cd 
jV 'n-. «^^nd 5 S lbs, of cuttings wert removed per minute, rhe tool 
enduring 30 niinuics. The mild steel being turned cotilained_ 
the following percentages : — Carbon, j,a per cent; silicon, .o| 
per cent.; manganest^^ .2?3 per cent. 

In order to provide an air-hardening steet suitable for treat- 
ment, it was found necessary thai it should t>e compounded vrt\h 
uhroniium in the pruporlion of at least one-half of i per ctnL, and 
another, or others of the comn^creially available members of the 
chromitim group in llie proportion of at lea^t i per cent.— tliat \s 
with tither tungsten, or molybdenum, or a mixture of tungsten 
and molybdenuni in the proportion of at least 1 per eeni. It was 
found Ihat to produce a markedly henelicial result from the treat 
ment, it was necessary to use at least one-half of i per cent of 
chromium in combination with at lea^iC 1 jjcr cent of tungUen, or 
molybdenum ay a nusture of thesCf and tliat materially belter 
results were secured where chromium is prestnl in the proportion 
of I or more per ceni,^ and tungsten in the proportion of 4 or 
more per cent; or, in the alternalivej molybdenum present in the 
proportion of z or more per cent., or again, tunpslen prestnl 
in the proportion of a per cent, or over, together with molybdenum 
in the proportion of 1 per cent or over. Experiments showL'd 
that with rcspL!CE to the cutting speed of the tool, rnolybdenum 
replaced tungsten in the pro[ioriioii of about one to two, though 
it is proper to note that in other respt-cts tungsten sleds were 
preferable- There Wii-^ no material difference in the ciiiiiiig sjin^ 
of the tool in case^ where the chromium and tungsten, or molj 
dcnum were need in excess of the percentage gi^i'eil. 
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The carbon comenis of Ibc steds used were not found to be a 
material factor. A sieel comj]osition to give csceUent results 
when trc-tlcd by the new method was when the iicjn was associated 
with the following petcentoges ol othor iiigrcdicr^ts, ns Follows ; — 
Carbon, 185; chromium, 3; tungsten, ^,50; manganese, 0.15; 
silicon, 0-15; phosphorii,^, 0,025; sulphur, 0.030. In sleels 
coniaining r^ jiercent. of thromiuni and i't>ths per cert, of carbide 
of chromium, ihe tool after treatmeni curuained but ^-^ihs ]>ercent. 
of carbide of chromiumf and in ateela conlaiuing j| per cent, of 
chromium, and yV^^ P^'^ '^•^"'- "'^ carbide of chromijm, the 
treated tool cunlained but i^jlha per cenL of carbide of chrumiiim. 

Steel makeTE ha^'e sirice prodtjced nwny similar sttcis as the 
result of experimenting. There are dozens of different brands. 
The analyses of three of the leading biands are given bLjIow. 

Tung^leiL - - , - 

ChromiTim - - ^ - 

Carbon 

Phospharus - - , 

SulphuE - - . . 

-^licun . ^ - - 

MongnnoL- - - - ^ 

MolybdcmiLn 

Chromlurri 

CarlMfL - - - , 

Phtmphn'us 

Silic4jn 

Manc^nni: - . ' - 

Manganese is thus in the later steels reduced to a mere trace. 
The 'iieel maker in>w has at his o^inmaiid, ferro- manga n est', ferro- 
silicon, ferro iLnjislen, feTrL>-molybdenum, fL'rro-vanatliuui, and 
fcrrO'titanmm, These alloys are mostly expensive, which explains 
the high prices of the new sleels. Thus \anadium costs 40s. per 
lb., molybdenum 6».i tungsten :s- 6d., and niekcl is^ 6d. The 
dodt^e of br:i/ing pieces of high-speed ateel on to machine steel to 
lessen the coat of the toob, has been tried. 

A large variety of combinations of iron and carbon with 
(ungslen, chromium, manganese^ nickel, silicon, and molybdenum 
characterise the si^ecial stc-els to-day. Makers furnish, besides 
Ihe regular carbon sltcl, a sol f- harden in^j steel, and an inier- 
mediate ^rade which (s i:apable of being hardcnrti in water without 
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crackings and suited for citiTemely hard nitiiTig. The wlf- 
hirdening steels cannot be broutht into contact wiih w^icr nhilc 
hot on occciunt of the dangi^r of cracking. Some of the niiJdi:r 
grades rely on thL* a^isismni-t t>f an air blast after forging In givt 
them the propi:r d^ree of hardness for their nofk, and are called 
'*air-har<lening steels." 

One trouhlf: with Ihr early hijjh-speed steels which fbr sotnc 
linic miJiLalod ^aJnsE their use, wa.s that it was necessary lo r^'iu 
the tools to tht makers jw Liften as ihey required \q be re-fcirg«3, 
A sleel which could easily be rchardcncd was therefore desirabli:. 
KMperiment?^ were made by hardening' in [ead, hot sand, boiling 
Wilier, and finally in an air blast. 'J'he latrer solved the dilUcutl}, 
since th':rc was no danger of the steel cracking by this mcthtuJ. 
and these steels ari^ no*v generally distinguished by Iht term air- 
harJeninj^H ;Lnd niac:hLnes are made fur dircctiiij^ n libM of :u[ 
upon tlieni< 

The most remarkable ihing about these steels h (hat the)' art 
re-forged at a white, or wtlding hi^at, which is ruinous to urdirai? 
£teels. To be precist, while carbon steels would be mined if 
forged al a lemijeralurt* higher [Ivin 1*500" ur i.fioo' T''nht,, ihc 
new high Hpced steels must be raised lu a (cmperauire of *,;^o' 
or 2,300' Kahr,, at which pig iron melts. After it has been rc^_ 
forced Lo llie required shajx^ it is rehuiled to a weldmg hel^H 
so ihat fusittn of the polni occurs, and tbtn it is cooled in aJ^^ 
air blast, or simply laid down in j, dry [ilace to cool. And ri 
is neccs^sary to atlam Ihi^ l(:mp£ra[uref for \^ it falls to tha( qliJLh 
is necessarj' for water- hardened steels, the tool wUi make u 
impression. Manufacturers give specific directions for the t 
muni of their steels, and ^ome vflrintions in these (see pp. 3<»2'jg 
l?ut ihU is due to differences in composition, which howc 
renders dilfeient bunds belter for wjinc elasj^ca of wurk than jth 

The fact that the new steels have to be forged at a wliiic h 
is hel]irul to the smith, beca.usD they are easy lo work by cu 
parison with the ordinary slecl-% which cannot be ovcrheaittl ^i 
iinpunil)', A thicker ic^le forms on high-spetd tooU than 
waier-hardcncd steels, h is rtressary to grind this ufT. 

Tools made of high-i^peed stecJa will endure a good deal 
work bt'fori: iftey lose their t^dges. Mr Uorcheidtng used j 
of ordinary rou^^hiri; slidpt! ( Ki^. 483), which was ^-ruund down 
Eucces^s^ely until it reached the ^hape indicated by ihe dott 
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curious unn^ is inac cni: 
aru m'ist cllicienL whun ih^^^v buCQtiic quite hot. In lart, it ho:^ 
been staled thai at the Bethlehenj works, ihe borne of the TajHor- 
White j^lcd, ihcyjudgt: vphclhtT a lathe h running at a sullahle 
speed by Lhtf smoke coming from the tool ; if thert: is no *!iiLuki^ 
it is ntJt workinjT to tht full efl[idenc:y ! But the most efficient 
spends must atop short of thij luin of the lool L-dgi;^- 

The action of ihu high-spei'd sleds ifi yhvious, thu rt'isoris for 
the ^me arc rather iibstiurt:. M the main feature liy whi::h thL-y 
arc charactcrii^ijd is that they opcFiilc bcM at a high tem^x^raiure, 
corrcst>o riding with a red heatT the rollotfiog ejtjjlflnaiion which 
\\&& been uneroJ appcflrs |>roUible. 

The highspeed steels differ from both Mu^bet, which most 
nearly restHibles them, and frnm carbon water-hardi^mny steels 
in the presence of variiihle propotliotis of vnnadiuLii, niolybdcnum, 
irhTomium, tungsten, or nickel, and whiu'h it is believed fotm 
cicrcniLly hiird combinations wiih the caH^or, And Jts crystnU of 
cai"l>id*:3 embedded in the softer iron 
carbide that forms the body of the tool, 
become the true cullirig points, Thuae 
'arc stiblc at the higher temperatures^ 
while the iron carbide — their matriv — liU- 4JSj" 

becomes unstable. The latter is worn 

away, leaving the needles of the bardtr materials in lelief. This 
theory bel[« to explain the tearm^i anion of the cm, and ulsw 
the rapid wear of the lop take of the tools due to tht friction of 
the cuttings. 

Tht high-speed steels do not make quite so good a :>how on 
cast iron as they do on mild steel. Hut they efferi an economy 
of about too per cent, in iLirnin^ cast iron over the ordinar)' 
carbon sltds. At Mt;5ars Armatroay, Whitworth, & Co. IJd. 
works at Manchester aome remarkable work has l>een done on 
east iron on veniiuil boring milU. In oiu' case a casi-iron tiny 
wo^ turned at 40 ft. ptr minute with a depth of cut of r inch, and 
a feed of ^'isths inch. The tool working for 5I hoiir^ before 
legriiiding, removed a total of 7,722 lbs., nearly 3A tons. 

Another ca^e was that ol a large drum 13 IL diameter by 5 It. 
wide, giving a surface of [S8^ sq. ft, machined wiLh one tool 
without re-gn'nding in loj houis, a job that previously took 40 
houtj, with ordinary fiieel 
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By tbe use cif ihc same sltrcl in another wutks a fly wheel 5 fl 
a in- diameter^ by 14 in. wide* woj^ turned in 45 minutes, T 
cuuing s[>eed ivb!^ 65 fi. [*ct miniiit, iht' df|Uli uf cui ^ in. and 
tht ftcU ( I i>cr inch, ihf UxjI rn^t btinf K^Tound 

Consi5t(?nr1y with endurance in doing heavy cutting on cut 
iroii) a apt^ed of 45 ft. pt^r minuti^ i^ on aii averages found tu ^ivc 
the bust result!. Light cuicinj; ain be doiid up to 70 or 100 ft. ptr 
minute. On steel the be^t results atL- obtained at a surface speed 
noi geuer;iUy exceeding about 170 ft. per minute, and t<="craJijf^_ 
considerably les«. The less carbon in the sted beirt|^ cut, tb^H 
higher the rale possiMe. As the depth of cut and feeds increas^^ 
the speeds should be ahghtly rL'duccd, though not to the same 
extent as when using ordinary tool steels. Thc! u«c of watC^H 
makes lilde difference — le.ss than lo per cent, efficiency^ no^^ 
sufficient to be remarkuble. If Kale has to be removed, the 
speed must be much lower than thai at which clean metal ean be 
cm. If a tool is found to requirt; frcquirnl rcgiindirg, ihe ^pccd_ 
must he reduced. Vhn great economy of these steels lies 
Toughiny down, since the ordinary tool steels are capable 
finishirg iit high speeds. 

Mild steel is used Far more thtin any other material in tl 
shops, iron castings jliuie eieepied^ and the high-speed sfti 
score here ; they become of especial value as forginys inci 
in size, because these are not mnde closely to dimensions, oft* 
containing allowance?* frijui A in. to 1 in. in places for tumu 
being produced under the steam hammer, or by hand meth^nl* 
on ihe anvff Ihey are of vjalue also in long shafts, wherie toi 
and rapid traverses caii be taken* and for repecitive ivork 
smaller pieces, where large quantities Jire roughed do^'n in 
and m other cases that niiglu be insiancetl. 

A valuable aeries of experiments was made at ihi. Mai^chcatcr 
Municipal School of Technology in 1901-3 on the work of hiyli 
speed Meels, supplied by ei^ht ESrilish firms. The expennieiiu 
included Ifllhe work only, and only certain aspects of that, 
Ihe information gained was very valuable. 

The poiiTlh which it wiis dcMred to eliicldale included the 
detertni nation of the weight of material removed, the AttiX tooLe^_ 
the cuUrnjj; speed, depth of loI, Imversc |)er revolutiun, enduruM^^ 
of tools, the power absorbed, and the results as j.ffccicd by the 
chemical composition of the slceU o^^raled on. The shapes of 
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the tools and their height in reference ro the cenire of the hihe 
were also noted The lool angles wert; left to be scllied by ihe 
manufacturers of ihe ste<:lE, with a view to otitain the results 
which inighi aca>rJ htsi with their owr experience. Viirious 
rcconimendfltions were in>ued from the compclilors Ixarirg OTi 
the problem of maitimutn efficiency. The materials selected 
were steel, and casi irofi^ t^a^h being uf three grades, soft, medium, 
and hard. Thi: trials wtic made on an Armsiron^-Whilworih 
lathe, and a rtrpreiiontative of each sieel-making firm was present 
at the trial of the firm's steel. 

The steels operated on conlained the following average per- 
cenittge& of carhon ; — 

Per cenl. 
Soft - - - , - o.a 

Medium - ■ o.j 

Hard ... - 0.5 

The Ciisr-iron gradts wert' ihose understood commercial ly. 

I-'our ^cx\t^ of triaU were made on each of the six grades of 
materiel to ascertain Xhv maximum cutting speeds with the 
following depths of cut and traverse : — 

SeiicjL Cm. Trivusc. 

' - 8 i 

4 - 

The periods of theae were hmited, ranging from ao minutes 
in fto minutes in different cases. 

Besides these, endurance tests wert made, and comparison 
tests with JIushet steel, and w^ater- hardened steel 

Apart f^om tlie valuable knowledge giined ihus m reference to 
the capacities of the high-speed steels there are somt facts of 
ninch mierest to rhe turner, interesting because ihey afford exact 
demonstration of what has eciicrally been liellevcd in the shops. 

The results w^lch were obtamcd show in a remarkably strik- 
ing manner the gte-iter economy of slow and heavy cutting over 
rapid and light cuts- J-in, cuts, with v-in. traverse were taken at 
sp«edii rouRhly of Trom one-third to one-half those of ^\-in^ cuts by 
'ig-it>. ifsverse. But about four limes the weight of material was 
removed in the former iriuls than in the latter. This is shown 
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giaphicaJly in Fig> 4S4- and il is so imporiaiit from ihe lu 
puinl of view ihat the ^^ords of the report are hi.re given -^ 

"IlfuTlher appears ihat heavy cuts will lie ihotv uconomioJ 
in power ; for the wostc work is a much iargtir pro|>ortign of tfw 
whole work required at light rut? th-in at heavy cuts, li is ptr^ 
bably this farl: which has given rise to the commonly acctptd 
opinion that iKo cutting str^rss increases with the S[>cc(i (as 
instanced by the objeciiotis uf woritmen 10 increase ruiimg *|iritla 
on account of the anticipated sprinsins of the woik), contrary to 
the fL-aults of Ihe^^e [rials, which rather show the reverse to be 'he 
case. In sofl steel, for esaniple, ihc avurage hi;rsi>j)Owet required 
for actual cutting at -^f, in. by ^'^ m. ya^ 3* whiiiit at % in. by \ in< 
it was 15. The friction horse-power of lathe and counteTshaft 

^us about aA horse-powcT. Tlic 

BwL'lght removed was ahcut 105 \\yi- 
J £ I .^ and ^45 lbs. per hour al the light 

and heavy cut5 respectively, so that 
the weight removed per groiiS hofst'- 
poner hour was ig.i llis. for tlic 
light, and 25.3 lbs. for the heaiy 
cut, Neglecting frictioual loss, these 
figuiea would have been 35 and 
iLSitec lively. 
^ " 111 the case uf east irun^ the 

gain in power at the heavier culs 
is still mote conspicuous. Here 
the effective horse-power was 1,7 and 5.5 at the ^n by ^ and c 
by i cuts re.spec lively* the waste hurse power lieinj; about z. The 
weights removed were 42 lbs. and rgS lbs. per hour (as seen in 
Fig, 4^4). and the weights per hoise-pgwer hour were llicrefi 
J t-35 lbs. at the Li^ht cut, and t^.s ^^^ ^^ the heavy cui, 

''These results are of geneial application, and show that ti 
merely can more material be itmovcd in a given time with a 
heavy rut at Us projwr speed than with a light cut jI the 
highest speed which ihe [lew steels tan lake, but thdt this can 
be done at a smaller expenditure uf gross power pcT ion ul 
shavings removed." 

In some experiments by Mr Miley It was found that a 
cutting speed of 100 ft. per minutCj only about one half the weight 
of cuttings was removed as ai 45 ft, per minute. Al tlie 
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speed* vrtth a ^n, cut, and \\}\. feed, 7 lbs, per minute were taken 
ofT mrld forgings ; at 100 feet with a \^\w- cut, and yV'"- fcedf 
J. 9 ll>s. per minute. 

Some eyperimcnis earned oiii iiT tht.* Manchesier wcirks of 
Armstrong, Whitworth* & Co. f.cd,, with high-sptcd tools working 
on fluid compressed ateel, pTOveil that coarse Teodn aro more 
economical of poAer than Tint om^^s, aod are ihe chief source 
of economy \\\ making comparisons of cutting tools. After 
these «me the economy of increasing depth of cut. Lastly, 
increasing the speed of cut. though it shows economies over 
slower cutting speeds, is not so pronounced .is the two features 
of increasing traverse, and increasing depth of cut, which are 
very marked. 

Some other experiments at this firm confirmed these facts in a 
striltin^ manner. One [ilecc of work was turned at a cutting speed 
of 50 Tl pLT minuti?, with \-'\\'\y depth of cut, and feed of 4 por 
inch, equal to 635 ibs- of mual removed pe^r hour or 10,4 lbs, per 
minute. The tool was red hot. The cut was llicn increased to 
J in. deep, and the feed to \ in., but the speed woe reduced to 30 
fi. per minute. Then the amount removed was 84^ ll>s, per hour, 
or 14 lbs. per minuLCi the lathe apparently driving one as easily as 
the other. This affords another clear proof of the economy of 
using a deep cut and coarse feed, and reduced speed when 
slogging i& attempted, 

Mr Miley gives the following illustrations to show how extra 
power ii swallowed up in htavy culling. 

A 13 in. centre lathe, motor driven by a hon^onlal link belt 
5 in. wide, the motor nunking i,qoo revoluiiont, per minute, 
aUsorbud (A HP. with the work rotated between centres, and 
the sliding Teed in, but without tho tool touching ihe surface. 
When cutting al 7Z ft. [)er minute, with n J-in, cut, and iVin. 
traverse, 5 lbs. of cuttings were removed [jer minute, and 13 
HP, absorbed, 6i of which drove ihe lathe and fiS removed 
the cuttings. Increasing llic depth of cul to J :n-, 7 lbs, per 
minute were removed, but the H?» ran up to ao, showing 7 HP. 
extra for the exira 1 Ibv of cntlings. 

From the Manchester teats approximate formula were deduced 
for Ihe relations between spetd of cultinp, and area of cul. 

1^4 v= cutiinn: speed in Feet per minuie, and d = area of cut in 
square inches {product of cut and Cravcrs<:)> 
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Then;— 



For soft %teel 






For medium steel V— -- — - + 5. 

for hard steel f= — '-^ — -5. 

For cast iron the results are not of bo simple a chirocTer ; 
ihL' folkiwing lineni exjires^ions give sjieeds which moj ^ircilwl 
be attained as a maximum : — 

For soft cast iron p= 115 - 13*1. 

For medium cast iron v= 63 - 858^ 
For hard casl iron v= 40 - \ocia. 



as 



A i^ci that came out in ihe Manchester experimenis was that 
cuiliiLg angles, and K\ii: angles rt:Iaied ihcreio, an? not of a hard 
and fast chamcler^ though these do in ihe main accord fairly w. 
with ordinar/ shop practice, in which cuiting angles range 
60°, to over 70*' for sofL steel, from aboul 70' to 80' for iofi 
iron. There are vorj- wide varialioni: in fronl clearance, just as 
one finds in [he shops, n few hreing as low as 5", others ranging In 
16°, and ]8' ; 10" lo 12* is about the most frequcni. Front 
rake does not vary so much as one would etpt-ct it tc do 
difTercnt materials. Tn tools turning &oft sleel, an example? occuiS 
so low as 7 25', and one is as high as 29" 54'- In luming hard 
cast iron the lowc^it is ^'^ 43', the highest \^ tS' 7'- Anoiher 
point of inleiest is that the tools used were of the round-nosed 
roughing type, cutting circle arcs. In the heavy tHais the vridlb 
of [he arc in opera[icn, and rherefore the width of the sliaving 
was from Q in, to } in> wide. In the light cuts it was from \ eil 
to i in. 

When the experiments were [jeijig made at Manchester so 
others were made with ordinary steel tools^ wnicr-hardent-d, and 
Mushet, They are valuable as afTording a guide to turners, for 
they demoiisiraled the following facLb ; — 

Ordinary water- hardened steel reached its limit operating 
WhuwL}rih flu id- com pressed steel at about 30 ft. a minute, 
cutting jV in, deep, and feeding ^^ in. But an ordjnaiy Mu^hd 
tool will out at 35 ft. on a fir^"- ^^^ ^^^ * tV''"- 1^^' 
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ast iron ordinary took failed as follows: — At i^-^ ^ 
miniJte with ^^-\n. by iV'"- ^^^^j ^' '7 ^^-^ *"' ^''^^ A'^- ^y 
in. ails; and ai 15^ ft. vfith iVin, by |-in, cuUh But 



ordinary Mushel stood for zo^ minutes with a spued of 23.6 ft 
on a cut of ^^ in., and a feed of ^^^ irx Ii failed at uj 1^ 
4jn a cut of j\ m.j and feed of ^"^ in,, and at 15 fl. on a cut of 
i^a in., arid fetd of J in. Turning soft cast iron, 23 ft. was loo 
high for ordinary steel, on a fV'"- ^"^ ^^^ \-\y\. traverse, whiie 
a Mushcl tool stood for half an hour on a speed of 31 ft. 5 in. per 
minute with a similar cut and feed. 

Ii was found th;il iihing higli-s|x?ed steels, a speed of go ft. a 
minute can he maintained for a considerable period, on a {\\x\. 
cut, and jV'"' traveriie upon mild steel. Also that the high- 
spt^ed altels will cut more ihiin twice as fast as ordinary Mushet, 
and more than four times as fast a^ ordinary water hardened steel. 
Used on miidium cast iron no lool ran for longer ihan an hour at 
34 fl. a minute, with a i^\n. by yVin- tui and traverse. A 
Mushet tool ran for an hour at igj ft. per mtnule, but ordinary 
waier-haidcntU tools failed in from 4 to 9 minuie.s ai 17 fl. per 
minute. 

A striking illustra^on of the intensity of pressure excrctstd by 
the cuttings from high-speed sieels taking heavy cutb is Kcn in 
their abrasive effect on the top face of the tools. The result is 
ihat Ihe lop rake becomes altered in consetjuence of friciion of the 
chips. In some experiments this is more marked than in others 
but it is present in ^(kme degree in most, amounting to several de- 
grees of alteration in the tool angle when the cutting was finished. 

But iht tools endure the enormous pressure without failing, 
a remarkable enample of nhlrh U rhe following: — An Arm^trong- 
Wbilworth lool of i\-\x\. square section cutting on a Mcel forging 
ftt a speed of 35 ft. per minute with i^^-in, depth of cot, and 
feed of ^^ in, per rcvoluiicm, removing 14J lbs. of metal per 
minute, or 855 lbs. in an hour, showed no sii^ns of weakness. 

The value of a tool is not determined by its maximum 
capaciiy, working for 10 or 20 minuies, or even for a couple of 
hours, hut that of endurance, plus capacity- Tools arc generally 
required 10 stand several hours of duty without being taken out 
for rcgrind[ng. In some cases the period is extended lo several 
days, as m boring big cylinders, turning long shafts^ and in turret 
work. So that although the nmkers of looi steels are naturallj as 
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desirouR as their customers lo ascerCam how much tho lewis will 
stand licfore failure, in practice the longer servicir and endu 
takes precedence. 

The utility of the high-speed steels is estimated nud staled 
b> the rales in fi:et cut per minute, and by the quantity cJ 
material removed in a given lime- The first named is not quite 
so convinring as the second, ^ince the rait in feet is largely i 
question nf cut and feed» which require lo be atated. But the 
quantities of material removed are more Etriking. In Fact, thew 
are so great, that it seems better lo give ihem in lerms of per 
minutCf Chan per hour. It hat been humorously suggested that 
one of the problems which will have to be met with as the 
of highs]>eed tools beiicnita universal, is some automatic deiri 
for conveying the chips away from the machines. There 
nothing far fetched in this either when two or three ions aff 
removed in a day. We have heaid the case of a shop instanced 
where the fitters have had lo work overtime lo keep up with 
machine shop since the high-speed tools have been introdu 
It has bi:cn estimated that i lb, of cuUings per minute may be 
stated a*i the manmum capacity of a i^-in, t^entre lathe, usinj; 3 
single tool of ordinary tempered sietl. Blil a ij-in, centre iathc 
turning a shaft 5I in. diameter removed 7 lbs. per minute, ope 
ing at a lurfarc speed of 65 ft, per mitiute, depth of cut ^ in., 
feed J.; in. One tool stood this for 3 hours. 

Mr H. M, Norris, of Cincinnati^ who made a number of ex 
periments on high-speed tools of Novo steel working on modem 
cuts and feeds, arrived at certain results which arc of much pra 
cal importance, though lh;?y are hmited to light cutting. Th 
can be summarised without giving the tables on which the)F arc 
bused, as follows : — 

On average steels it is inexpedient to operate at a speed g 
tlian 175 ft. per minute, using cuts not exceeding ^ in. in de 
and feeds of jvV i^i- I^'^s tools failed at an average of 330 ft 
such tasks. With lighter cuts and feeds, higher speeds 
obtainedi an average of \n-\T\.- and {|\-in. feeds being 344 ft. per 
minute at the momenl of their failurt. The results showed 
Sfittd should be decreased with increases in the amount of tit 
di'pth of cut, or rale of feed, but these amounts were not large in 
the evpcriments, and therefore the diminutions of sj>ced found 
ncccs^iy were sm^ll. 
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But the gain of the coarser cuts and feeds is seen ic cubic 
inches of material removed per minute. Adopting i-V'*^- cuts, 
and s-V'"' feeds, the avetag»^ of the experiments gave 4^ lbs. per 
minuic reriDved- Adopting ^v^, cuts, and bV*"- 'eeds, the 
averse wa£ 16 lbs. removed per mmute. Yet the cutting speed 
per minute for these at the moment of failure was 363 ft., and 
a 30 ft. 

Another important fact ascertained was that lubrication is of 
comparailvely hitle value in high-speed steels, i^fTecling results of 
less than 10 per cent. AnoLher is that if scale is beinE removed, 
the speed of cutting must be greatly reduced, so that picltling 
should for ihc sake of economy precede turning. Another is that 
satisfactory results can be obtained within 9 fl. of the speed a: 
which the tool is rufned, lestffying to ihe necesi^iiy of ibe embodi- 
ment of minute speed increments in the driving arrangements. 

Experiments have proved that the endurance of a lool 
t* increased by usinj; iwo seiiarati; cutting edges, Thus an 
ordinary single-edged loot of high-speed stei*! working on cast 
iron with sj-in. cut, and J-in, traverse, lasted 15 minutes, while two 
tools working under similar conditiocis lasted 5 a minutes. The 
same principle was embodied in two other tools, one single 
cutting, the other being ground lo produce two edges. The 
first look % in. depth of cut, in the second the work was divided, 
each edge taking ^^ in. The latter cut with greater steadiness, 
and [Kissessed ihotl' enduiance. This was considered to be due 
lo the coolmg effect of the air in the space between the tvro 
edges. From This point of view the employment of three or four 
tools in series in 1 planing machine is correct, 

Dr Nicolson's experiments with a lathe tool dynamometer 
were made primarily to deiermine the forces acring upon a 
cutting tool, and the best shapes and angles. Tbe conclusions 
arrived at were that the most durable angles were about Jio" for 
cast Iron and 70" for sted, and with these angles the vertical 
cutting stress is from 76 to S4 tons per sq. in. or area o{ cut 
removed. The cutting force is simply proportional to the depth 
of cut, for \ given widih of Iravcrse, thus subsiantiaiing Hartig's 
law. Cutting stress varies a good deal with the angle of the tool. 
It is a minimum for cast iron and steel in the neighbourhood of a 
60" cutting aagle- But this is by no means the most durable 
angle, So' being found the beat on the whole. Cutting %\\^^ 
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varies bul [jule with the speed cf culling, either in cail iron or 
siecl- I'ht lools fxperf minted with were of the siraighl-nosd 
l>pc (Fig. ^^s\ ihc cutting edge being homonial, and in plan in 
ll>e iipj)er figure at an angle of 45' vfiih the axis of the work, 
llmugli this anyle was varied in dilTcrenl [ools The nose had a 
clearance Jtn^le \n plan of net k\t5 than i\ and a small radius 
was given to the point. The front ctearance was 6'. The shaded 
secti(?n reprosents the area of cut, the staional figure gives ihc 
vertical angle. Bui the conclusion arrived at was that the r 
nose tool besi fulfik shop requirt^ments. 

A point of value in the high-speed steels is that they can 
annealed. These pmcesESs of annealing permit self-hardeni 
steel til be as easily machined ix^ the ordiniu^ 
fnrbon grades. Tne high-speed tuialiiies of ihc 
steel can thus be utilised for cutlers of all kinds, 
with ^real saving of time, due 10 the increa^d 
amount of work such looh are capable of turning 
OUT. There i*; no risk of their cracking in harden- 
ing, for it is only necessary lo heat such a tool lo 
redness and lay it aside to cool| wh^n it will have 
regnini'd the hardness it possessed before annealing. 
The practic;kl reauU is thai milling cullers, reamers, 
twist drills, faps, &c,, can be cut and shaped inlo 
form. Flat drills of highsifced Mecl have been 
found to do nearly as much work as the twxsl d 
of temper sit?el- 

Al the ArmsTrong-WhilHorih works at Man- 
cheEter some remarkable drilling has been d^^ne, 
A |-in- diill was run at 525 revolutions a mlntiter and penemtied 
a cast-iron block 4 in, thick in 18 seconds = at the rate of ijj 
in, per minute. A \Ar\- drill making 525 revolutions went 
ibnjugh a 1 in, steel plaLe in jo seconds = i ? in. per minuie. 
Mr Ledge has bored ?J in. holes in lathe spindles 44 in, in 
length in 5B minutes, and ij-in. holes in spindles 14 in, long in 
18 minuter. 

Mr Miley instances the case of a firm making steel trani rails. 
With ordinary drills of otrlxin sieeh they drill ^5 ro 30 hole*, 1^ 
in, diameter. Bui with the new steel 195 holes are drilled 
without regrinding. Another case instanced is that of the drlling 
of spring buckler. Witb a drill of the new steel aio holes 
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rilled i i in. in diameter, by I in, deep, (ihe driU ruuning at jGo 
evolutions per minute) without bemg reground. 

In drillin^^^ eoo, high lipeed.'^ are more prnnomical than tow 




Fpper Kig,— RpccJ joftn per miniilc, 'j-in- cul, \'\U. tiTYtrac^ J4 H.P, 
rcT Fig- — Qiilinj^a Lkk-cn at JoofL |ier miaLiir. Hy riiiiuirll, Laifd, 
Co. Lid.. Sheffield, 



lea. In dnlling mild steel plates 2 In. thick with Armstrong- 
Jhitworlh tools ot 84 revolutions per minute, the net E.HP. 
Ibsorbed equalled 1.36 for eich inch of depth drilled, but when 
^e speed was increased lo 375 revolutions ihe net E.HP. 



absijrbed for rach inch of drpJh fell 1-98, equal to u gain 
nearly aS per cent, in favour of the higher ipt^cd 

Objection h^ been made 10 the use of rhe high-^pwd ft 
on the giound that they double 01 treble the co^ of puw^ 
dnve the mactiine tools. Bat this is n one-dded view, for cl< 
economy of ^pace ard labour mere than coimteHmlance* 
itjcreased outlay on power. If one Iftlhc with one man uit 
high-speed tools can do the work of three Uthes arrd thrte 
using: ca.iban steel, iho economy thus oljtJuntfd tiCAvit)' diM^i 







the t^xXrn rosi of power, \nd iifter all poAcr 14 a imnlJ 
as applied to the driving of marhinc loolfi, even of the hi 
lypcK- The high-gpcad steels are chani^iDg latlie pracEiQe^ 
the tools now govttn the pijce of thp kihe, in«lnul ' '. ' 
other wny nbout* find the Lithe mnliers ore now « 
modily designs io enable the tools to perform Ibc mAMi 
duly uf vrhich they are capable, What thai .fnfv iv, 1* <t!|I 
mode a matter (br eKperimcnling, 

In ihc avemgr practice of thE- turnery hi^v)' L;utUfii ii 
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\t back gears Ihrorni tn, and high speeds are reiierved for 
cuttiitgt done rapidly. Since [he new steeh provide for 
wavy lOoUug <;cnnbir]ed with high ipeeds, greater belt power 
\ employed, and ihe lathe details fire worked out to coTFcspund 
berewiih. 

One result la following from the rivalry of high-speed steels, 
fhich is that the cajjabi lilies of the carbon MceK have been 
>urul possible of increase- Crises often occur of unusually high 




IhA of turning being acfomptishi^d ivlth light cutSf inking tiarbon 
locli ■ so thai Ihe elifitienty of the ordiniiry laihts and ttxjls will 
oabtlcv be increased gunL^ralty* side by ^idc with tlmt inCr^ui;ed 
y the new sitck, 

ic of the interesting ^sj^Xb about tlie liigh'Spced Uthea is the 
chaTActer of the developments of which iliey have been 
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the objecT. Tho capabiliries of the new steels have been dis- 

Irusted, and so lirma who havi; begun by doubling or trebling ihc 
dvjtf have gradually tiiad<; iunber demands on iht^m. Thus, 
Messrs Armsirong, Whka'onh, & Co. Ltd. altered one of \\\t^r 
lathes, speeding up {q\ lutning armour plate bolts, at 45 1\ a 
minute, then to 85 fL, thon on inoiher lathe they attempted 157 
(l a ininuie with success, Al ilus spetd a cut J in, di?ep was 
usud, reducing Ihe bait i^ in. ^K a traverse, with a Feed o( jq 
cuts per inch, removing about i?J lbs. of metal a minure^ ot 
nearly 75a lbs. per hour, the luol working thus for 7 hours bcf< 
requiring to be rtground, 

A case nf 16-m. centie laihe may be insianced, whit'h wc 
firal driven with a ij HP. gas machine for high-spctd work, but 
which proved not powerful enough. In another caie a lam 
centre lathe was futed with a iQ HP. elecinc moltir, and this 
lo be replaced with one of ro HP. 

Figs, 4SS show two jiToup^ of cuttings from a locomotive 
taken aX ihc workb of Mc^5r}> Cummell, l^jrd, & Co. 
Sheffield, one ^set bs:\n^ taken at 50 ft., the other at 100 ft. 

Fig. 4^7 shows a group of cuttings taken off by Fi 
"Specdicut" stcd, *^ith cUe tool shown in l-ig, 488, the edge 
being bent over to an angle of 30". An eJdraci from a letter 
from chtf firm is subjoined : — 

*' In the use of high-speed steels some engineer* advocate high 
culling speeds with %hl fetds ; <inr own eitperience so far goes tu 
show that in die general run uf turning shops the greater 
et:onomy is got by the use of medium hiyh speeds and rather 
coarser feeds. There are SL-veral arguments in favour of the 
medium cuUiiiji speed aad feed against the high speed and tine 
feed, not the least important being the fact that the oi^enuor of 1 
lathe iinds it rather a difticult matter to accurately ' sij« * a piece 
of work at a high speed ; the high speed lends lo draw his 
calipers over, and in all possibility he will find when he stopi his 
[nachim: tliat his diameti^rs arc full- Again, a pit-cc of woik of 
any size revolving in a lathe at a very high speed alv-ays givti 
trouble at the back heads lock-ctnire through friction and 
sequent beating ; further, everything moving so rapidly In fi 
the operator lends lo worry him, and this must be takifti 
account, becauiie when trade flnurisbes, the manufcriurer in many 
instances has to employ men who are not quitt up to atandaid. 



id CflD^ 
fnitin 




SPEEDS AND FEEDS. 



39 1 



Thci^re is, of coura^i Lhi; cM:cplioii, and That is when turning small 
diameter?, nrhere ihere is no doubt very high speed? can be used 
to great advanUge. In tUc higer grades of work, however, wc 
ire inclined lo favour luedium hi^h speeds and fairly heavy feeds 
and cuis. As an Jllusiriition uf this, on one iKca-sion whiie lum- 
ing a shaft ccntaimn^ .^35 per cent tarbon with a 1 J-in. square 
Speedicoi tool, 660 lbs. weight of lumiogs were removed in 30 
ininuie;i« the tuol being in perfect ci^ndltiorj at the (ini!>h of the 
cut. In this case water ^vas used, the cuEttng speed hein^ 5^ f^et 
per minute, depth of cut i-^V in. (reducing diameter j^'^ in.), 
And the feed J in. per revolution. From the ^mc forging a i-in. 
fi<.]uare Siieedicut tool rijmo^^d with ease 207 lbs. in 30 minutes, 
und wa-s {\^ fH.-rfea condition at the conipitiion of cut, wliich was 
run dry. The apucd was in this case 5 1 feel per minute, ihc depth 
of cut g in., and the feed ,V in, per revolution. 

"Avery vexed quealion with engineers is the shape of the loot. 
Wc have known esperienced turners cjipresa the mobt varied 
<^irtions as to the best shapes of tools for identical purposes. We 
have, however, fciuod ihat in the case of I'lrth's Speedicul the 
best shape of tool for Toughijig purposes is fornied by bending 
the tnd of a bar to 30° from the straight (Fig. 48H). It is, in 
our opinion^ a mistake to give a tool, which will be .isked to lake 
a heavy CLil» side rake right up to the cutting edge. We have 
always noticed in the case of a toul having a Ttcd of about ^ in. 
there is practically no abrasion, Wc hove also (ound a tool with 
a straight-cutting edge and the ^ide rake, or lip, brought 10 within 
(I short distance frenn the cutting edge and ihtjn continued flat (o 
the cutting edge, tugivo the best results. The turnings themselves» 
as ^oon as the tool vs put to work, start to make the top rake 
right, leaving the portion directly behind the cutting edge alone, 
and it is not until the tool fails that this goes with the re^t. This 
extra metal ai the edge sLipport^i and materially increajica the life 
of the cutting edge." <f> 
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Samuel Osborn & Co., Sheffield. 

Instructions /or Working Mushef High-Spftd Stifl. 

When forged, the cutting end of the Cool should be reheattfd 
to a white heat, and then immediately blown cold. 
Whilst hot this steel must b« kept from water. 



Sir W. G. Armstrong, Whitworth, & Co, Ltd. 

Instructions for Workir^ '* A. iV." High-Speed Tooi Sktl 
Directions for Forging and Hardening. 

Heat slowly and thoroughly to a cherry red, and forge 
in the ordinary way. When forged to the required shape, 
the point should be heated to a white melting heat, and 
allowed to soak at this heat until it commences to run, then 
place in an air blast to cool, and afterwards grind on a vet 
stone. 

J^^/F.— No water is required for hardening this steeL These 
directions should be carefully adhered to. 
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VicicERS, Sons, & Maxiw Limited, River Don Works, 
Sheffield. 

Instructions far Wfirking P^s/Jiers' *' f/igk-Spefd" Sf^el. 

FvrgiftX' — Heal the bar slowly to a yellow heaL \ forge at this 
heit without allowing the tool to cool lower Ihan 3. bright red. 
li is beUer Eo place; the tool in ihc Ari: several [ime^ rather than 
to forge at a heat higher than yellow or lower than bright red. 
The lool may bt put in the fire again at once foT hardening, but 
the best results axe got by rough -grindint" befure hardening, in 
which cose the Cool should be put with its no£e in lime or ashes 
to cool. 

Hurdttiing. — Heat the tool slowly up to a bright red heat, then 
rapidly to a brilliant ydlow, and (or machining ordinary material 
place on rhe ground (free from damp) tti cool ; if for use on 
particularly hard mocals, it may be found advantageous to place il 
in a strong bla$t of air to cool. When cold, the toot, if only 
rough-ground, should be limshed ground before tciupedng^ 

Grinding,^ ^\ grinding should be done on a slonc with 
plenty of water on it. 

Ttmptring. — The tool, if larger ihan i^ iti. square, may be 
reduced to the required temper, to suit the material operated 
upon, by placing the shank of the lool in a hoi lire, with the blasi 
off. The colour will be seen on ihc face of the tooV and for most 
purposes a bright blue will bt? found a satisfactory temj>er. Afler 
obtaining tlit required itmper, pui the lool in a dry place to cool. 
As a rule, il b not necessary to temper tools less than i^ in- 
square. 



Cammeii, L.*ibd, & Co. Ltd, 

Insim^ions fir Tnatin^ Sjttdai Stif-I£ardtniti^ Ttftr/ SteeL 

When it is required 10 run the lathe at an ordittary speed:— 
Smith the tool in the same way as an ordinary turning lod\, and 
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heal tbi: nose, say 2 in., to a wbiEc heat- Allow the tool to kq^ 
in the open air, grind, and it is ready for use^ 

When it is r[^4uiri*d to run the laihe faster ihan ordinar)' 
speed :^Smith ihc tool in the same way as an urdmaij' luming 
tool, and heat the nose^ say a in., to a white heat. Allow 
tool to cool in a diy place. When ixild, }jnnd, and let the cutt 
end of tool down on a hot bar to a d^rk blue colour, and k 
until the colour has quito disappeared, then allow the tool to 
cool slowly, and it la ready for use. 

NqU^ — The tool Xii^y be heated to the white heat mas 
hearth. If rare is taken not to use too fierce a blast. 






ThoS- FlltrH fir SOMS LIMITED, SU£FFIELD, 

iHieru^thns for Ror^ing and Griniiing " Ftri/Cr ^etHcur.' 

iNSTRurnoNs "A.*" 

fbr Tt^/s /or aMng Mild Sl<ci. Strfl CaU Ir&H, and ail tri 
ordittafy classes f>/ MatiriaL 
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J^iif^ing.— ^ orgc as you would -iiny ordinary tool steel, but not 
until the portion to be forged bas attained a uniform beat 
throiigh- 

LOn no account continue fo^iLi^ below a red heat, or ml 
cracks will develop. 
Allow no water to touch the steel while forging. 
When foiged lo shape, reheat the tool end to a while hoit. 
remove it sniarily from the lire to anvil, and with li^ht, sharp, 
itucc:e5sive blows himmer all the cotting pan until It reaches a fall 
red colour, say 1375° Fahr., or 746** Cent.; then cool off in air 
blast. The hammering improves the sttvl and secures a fine finish 
with little trouble. !t also saves lime, as a good smith will make 
this high heal his last forging heat ; nothing, however, 
hammering must thtn be done. 
No tempering is requireij. 
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INSTRUCTI0K3 " B." 

Far Tools f&r suiting T&oi Sttel^ TiWs, Hard Casf Iron, and aU 

ofhsr hard Mattriah. 

After forsin^ in accordance with the abgvc instructions '^ A," 
re-heat the lool end to a white hi^at, but omit the subseijueni 
hammering, and immediately slatk ofl" in either whide t>r tottoii- 
seed oil. 

This treaimeni will be sufficient for tools of strong section 
requiring little or no ovcihang, hut in other cases — especially for 
dehcate tools with a fine cutting; edge liable Co breakage through 
escessive strain — alJow the tool to become ijuite cold .ifier slacking 
off in the oil^ then boil it in the same kind of 01) for at least three- 
quarters of an hour to one hour in order to take out the internal 
strains. 

Kiceetlenl results may also be attaint by following out Instruc- 
tions "B" in place of Instructions "'A" fi>r lools for cuilrni^ 
ordinary materials, when ao desired. 

I Grinding, — (Jrind either quite dry or with a surplus of water 

r on a stone 01 emery wheel \ an intermittent or faulty supply of 
\ water must not be us^d. 

I Imfn 



JmfX'Haitt, — Nick when hot; break whtn cold. 



Instkuctions pok ArfKI^AMNU 



Pack the steel to be annealed in a hermetically scaled 
tube or box lilled with a mixture of Lime, sand, or other non- 
conducting substance, or charcoal dusi. Place it in a furnace 
at a Ion heat and gradually increase the heat to a full cherry 
red, say \n^^ Kahr. or 746' Centigrade. iCeep at this heat 
for about twice as long as for ordinary carbon bteds. Thcri 
remove the box from the furnace and bury it m a similar mixture 
to that which you use for putting in the box and allow if 10 
slowly cool out, taking care not to remove the steel from the 
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ho% until it is quite cool. The cooling down should take about 
80 hours. 

N<?&. — Annealing is only necessaiy when " Speedicut " has to 
be machined 

When the steel is annealed by us, the bars are stamped 
" Annealed," 
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— fai biauirnishcrs. iS^-lgO ^^^^^H 


C*nn:« 01 J'lp, 7 ''75 




— foi ni]i Fflciji];, J94 ^^H 


Cisi-iton loo]'i, 47 




P»h, 172 ^^ 

— jawi, liTTing ipf, T 61- 164, j66'l7J 


On irc grinders, 39-6r 




— lulirirnrion nf^ 70, 7r 




— ruck", and pinwins, 175. 177, 1 7i-t$t j 

— rEvolvinc jBW, 1S5 ^^H 


— punch, 6j> 64 




— punch-lvl], 64 




— scroll, 175-177 ^^H 


— stt-ovcT, 90 




— iT^cial, 33a, 331 ^^^^1 


— fihuiks, ?tior» Upers, 61, 63 




- apiral. 17S ^^^^H 


— square, 66 




— tofiE^i T^ 190 ^^l^^l 


Cenrrpd vork,T«nilm|: nf, S3 




Chdck«d work rpqiiirJF>g oth«r ^up^^^H 


Ci!nliE3, angle of. 61 




143 ^H 


— Inll BJitl iocki't. 239 




Chuckii^, 51. $1 ^^H 


— cone, 8r. *S 




— betiing, 134 ^^^| 


— coanreninking, 66, 67 




- bevel whech. 164, 165 ^^H 


— dnilmg, &4, (>g, b6 




-- bona?!, r65, 166 ^^H 


— tnjiking, 63, 6^ 




— boo, 134 ^^^H 


— poinl. 5S-62 




— hnke whefl, I37> 'iS ^^^^H 


— rcvDlvjUK, S8 




^^^^^H 


— ?^hAnks of, 61-63 




— Triclion clutch, 136, 137 ^^^^B 


— turning between, 5S 94 




— on hiiilcc pieces, Sj-M* ^^^| 


Centring and Eacing icmls, 2»7 




- on TcrljcAi Ltlhe, 33S ^^^M 


— Iiar'i, 65 




— on vocnX Nocking. 141. r42 ^^^| 


— cranks, 107-1 rr 




— ^^H 


— forksj 6s 

— lilhc^, 6S-70 




— puiley^. i3S-]4i^ ^^H 




— v\hc. t6^ ^^H 


— of work, 63-70 




— vftlvc red L^uidc^, 141, 142 ^^H 


— on bridge nieCM, 83-86 

— on wood, S6, 87 




CHuckR» cnnrtbinalian, 173^ J 74, 179-^^H 


^ 


— »!ientia]& of. J26 ^^H 





1 for i)rl1!<i« tq:}, iqj 


CnttFT^ rniinil eiok, 312 1 


161-172 


— wi jnad^anize of «ftch other, itS 1 


aclic, 143-145 


Cikllin^ ofFand ctnlHng UiHeSi 68-70 1 


- olf tooU 293 1 


nging "*. 177 


'- ictews, 345 381 ^^^1 


, 194 


Cyck hiiha, riirnrng <if, li>4, 195 ^^H 


%n(. i2fi 


Cylinder chuckel nn angk piatE, 150 ^^H 


og dogs. J i2 


Cylindrical suilacesi machining of, 3 ^^^| 


t on face plalcs, 150 140 


^^^H 


i (or pnli^hiog, 94 


^^H 


ulion onnttivb, 11 


^^^^1 


U'siiri^'cr, 74 


i_J DccimaE equivalL^nlc, 2S1 ^^^| 


'Lug, turnlrg of^ 106 


mLion chact, t7j« 174. 174-JS3 


DclJalc Krcw threads, 279 ^^^| 


i,3z4'327h 3i»- J30, Jia, ill 


Dcplli of cut. 3D ^^^1 


rt lools, 3J2, 31J 


Diamond pcHnI Itich, 41, 47 ^^^| 


und ttajnc s^r-ajS 


UiH»4!nib1 gearft for Ifmng Imii, aa^- ^^^ 


'ejxkilinh^, Euihing, So 


aaij I 


IngK, hnrin^^ J41J. 24] 


Diie t^lxii^k^. r6i-]72 ^^J 


lUic ja* chutVis, 174 


Do£b Tor chiiipiii^, 131 ^^H 


cDlrca. tt7, SK 


— or curriem, 71-75 ^^^| 


:luiig uf, I&5 


- - »r jawa, i£6-]7i ^^^H 


t, t^. 300. ^Q. 541 


Di«, cuEtingt faces iif. 199 ^^^H 


fy, rumin^; of, i?i 


— of, 397 ^^^1 


rting tiKl. lurning, flo, S[ 


— mrthods r>f cDTiiiig. 300JC3 ^^^^ 


— o;icntr;g. 303jJO ^^H 


rIeUncc for cranks, 111 


— suing. 300, 301 ^^^H 


rborcsi 2 1 1 


— splJi. 298, 399 ^^^H 


rain king centres. 66, 67 


— Bpnng, 300. 301 ■ 


TOnk. lurning if. T05, 106 


— u-#1 on sctrw iiiAfKinn» 19K fl 


.9^ 


f>m)f'n>^jnnii of loihts, \2 ^^fl 


, boiini^ uf, zu4i Ju5 


Djij ciQEiki, iLirj^int! uf. J06-T14 ^^H 


f, for baring, 2C^, 207 


l>]<tc culler hi [hrcodd, 27 1 ^^^| 


pi"»23j 


— cutteisin hokk-ni, 364, ^£5 1 


n, IDJJ, 109, Ml 


DravrbGcrk arbor, 334, 335 ^^^B 


Ag, 106-114. 


Hrjll chucks. 192, 193 ^^^^ 


rng, slrady foi. \OA 


Drilling djjftJnKl v» Mocks [99 ^^^| 


d Irnli, 40. 4J« ij 


— cenlr». £4, 65. 1^6 ^^^H 


, ccnlrLng ^.if, JO7-I1 1 


— from iL chuck, 198. J99 ^^H 


log, (Dimierlia lance fcr, i(2 
|]d«, amdlbr? ilide un, 314, J15 


-- froin ihc Eoo5f popp(!t, 19S-200 ^^^| 


— in ihtr IflChc, 19?{'304 ^^^| 


S ih? work or, 314. 315 


— in Iho Eurrer InEhe, ^£9, ^It ^^^| 


t, lojI pt»i5 for. 141-293 


— plale. J9S. i9g, 200 ^^^H 


J, wgik duHc Ity. jgi'j^* 


— with D-bit. 2D3< 204 ^^^| 


nek, rji 


Dlilla^ Aftt. 20ChSGi ^^^H 


1oi>[£« 78. Sc 


- fluted, 356 ^^H 


t in hr.tlclerir 364 


— oil supply. 290 ^^^1 


1«li nf, 30 


Driving Ills, 347 ^^^1 


bods. 219-224, i^o 


— woik, euinp]e«or, TD3'Tit ^^H 


]s, fiied wklk kcy» zlg-2)i 


Drivcib, 71-75 ^^H 


1 flaT, in bus, 21J-2J5 


^^^H 


Miring hofs. 2oS-;io. 312-21 ; 


^^^ 


itig [tf, in boring hmds, ii:,y23 


1 


\n. hi^iei\\n^ for, 212-31^ 


;^CCENTR1C 4h«VK, turning on ^J 
^ mandrH-J. 122, 124 ^^H 


oring henli. how irade, ??i 


bcr of, in txirin^ batds, 220 


Ericit:ui:y in |it[he wuik, z? ^^H 


\6, 315 


Emciy lip iot bored hvlct, 244 ^^^| 


^^^^^^^^^^^^^^^^^^^^^^H 
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INDEX 



Eptcyclic Ecm for txiriiig lutrs, 127- 

Kqtiivalentt, decimalt iSi 
V.tttii^ in rufnlng, 49 
Es.vnEiit& in turning, 11 



FACE plaie ■nd jaw chuck corapBred, 

— pliUf. Hiirimcdinltf t33, 1814 

— plalc, ill value, la?, 1^8 

— plate, lurnirgi ia5-r45 

— pTaTCh. tare nf, I 30 

— plar«, clamping ^vork on. 130-J4O 
^ pt^le^ holes xnil slc»l:» in, 138, 129 

— plnlca, JhWS for, IjJ, 170, XJi 
— plilOp Lisdi ub chuckE, 127 
FBcinjr and cenlrint' [<x»U, 287 

— arms, Tji, 133 
False javi. 171) 

Fiulcninc* fur cmicn in l«rri, 212-2T5 
Fec^l riJU. i^ 
FteJs. JO 

— and speeds, JJI-Ji^a 
Fifefling nf Hinls^ ^q 
Firishiiig. 78 

— looU, ^, 45. 4f3f 73, So 
Finitth-lurniiig. 56, 57 

Fila, rorcc, JnviciL'. And running, 347 
Kixi^J bonn}^ lieads^ 21^-33^ 

— «itfidio§. Jjs, 96 

Flungrt* [liming ouiiidp tiF, 234^ 235 
Flui cuucrb m L«r%H 2r3-3i5 

— drill, 2CW-20Z 

— drill, hofik foT, 201 

— dnll, lesl fur. Kit 

— drill, wnod j>acked, aoi 
Float! nr renmers, 290 
Foictf 1*15, 347 

Forked rinis, lurning 4>rt JO2-IO5 
Fonmiitm of loolj, 30, J2, 33, 35-42 
Formert, 330, 335. 334. 335 
Forminii liHli, 293-295, 324, 3^6 
FruiioDal pbches, ^z^S* as?^ 2&g 
FrictLcm tlulcli, uiclhod nf chuckinc 



GAT' beds, 16, :a. z\ 
Cru ihicads, 34S4 277 
Gauges nnri caJipert, 345, 346 

LrtorcnLiing. J4J'J4S 



G^ortd boring borH, 215-2x9 

— £Ctd]I chucki, 175 
GenenLi ihnp?,, fitming ift, K, % to 
Gf rmofi icrew [hiead*. 7jc* 
rrlobe v&ivc chocknl on lUiglc pke. 

Ii2-I54 
(.'■jab chuck) 172 
GrHver, 39 
GnodinE IqqU, 351-353 

— lutning Ifk'ls, 351-353 
Guide *»cr;rw, [7, 18, 25 
Gujdc Mircvr znA change Koua, 247 
Guidfl fV>f trginc cm« hends. 

"f, aoS, 2fy» 



HAMMER iltiighlening, 53 
JIluiJ lurning, 34 

— whwlfi, T4C 

llenrji^rock cpindleii, 2I, 33, 24 
I ligh-*i[iepd sicel, uraTyiis o\, 37 

— ap«d iicci toolsn 3?4'394 

— fipccd slccl tt>i>!a, fofcif^ of, 37*. 

J9>-394 

— speed work, euiniples of, 377»J^ 

390.391 
Holders, nifvrd trn>W in, 364 

— disc cuiicis in, 364. 365 

— for iMiinc tciob, 365, 366 

— foiiLK>h, 3S4-37t> 
Holes nnd slwli Jn ftiee plaW, I3tl, 12? 
flollnw «pintlle. 21, 22 

Knnk fur flat drill, aoi 
l-IoEchki&s^ pcECU^inn fuse lasc. }J I 
Hydiaiilji: valw UAiii^ diucknJ oQ 
Angle plitc, I54'I56 



'4 



TNTERMEDiATE face plaic. i8j. 

InlcrnitiionAl icr?w rhre^ls^ 279, jSo 
Irregular oiltLins, niflChining of, 4 



JAW chucks, r6i-i7J 
— chucks and fpcc plnlti con 
pnred, 1 27 
JA*A, fake, 170 
- tilling nf. in fbDclfS, ifi3.|&4, it6- 

— Jur face plplci, 131, 170, 171 

— of scroll chucki, iSt, 1S2 

— « docs* 166-172 

— rewrable. 16S17J, 1S2 





■^^H 


INDEX- loiB 


^ KniirlJot iwl 369, 370 


Mandicl fi>r braaso, TU, 113 ^H 


— presb, IM .^^^^^B 




— use of, 139 ^^^^H 




— wcnk, 115-124 ^^^^H 




MiLndfcIsS? ^^H 


T W fuj bored holes, 244 
X^ Lriilhcf accuracy of, 19, ^r 


— chpaiulinir, 1 i7-i2a ^H 


— for lumin^ eccentric shcavci on, ^H 


— bedi» 14-16, so 


J 31- (24 ^H 


— bcring In. 19, 3^ 


^OfwCMHl, 115 ^^1 




— solid, 115, 116 ^H 


— thdr uiJIiric^, 121-174 ^H 


"- lots, 25 


\[aierials Li&t-d fui icolb, 373-375 ^^| 


— specdi, 34b, J49 


Mcftwrcmcnl, 94, 345-5#S ^H 


— itcfldici, 95101 


Metal rcnikwcd lo LurnJni^. 29 ^^| 


— synoQyQA, 1 3 


M«lal, ^ualitifs of. 39, 37 ^H 


— look, a&4X 


.Melric pUclibs, change wh«ls lt>i. 339, ^H 


— irnth of, 45, 50 


?a(] ^1 


— iBTici, i3i, ^5 


Micrcmrlcr readings in LkEhcfcrcw^ 3^ ^H 


— used fur lurini^, 2o^, 2oA 


Milling, 54i-i45 ^1 


— used /or g&i cuidng, 34 J 345 


MovMik^ l>ippi^L, 37 ^H 


— UKd Fof milliag, 343345 


MuIcipIc'L]iroudt.-d screwi, l66 36^ 369 ^H 


— Lucd for relieving, J4I, 34^ 

— venioLl. 337, 338 


Ww^iV^ loak. 373 ^1 


^H 


L^ifaes. 7-3^ 


^^H 


— broad du:ii^QUJOEi uf, 1 1 


^^H 


— apatan, 272 


KT EST diange gcanii 270, 271 ^^| 
IN Niir facing; chuck, r94 ^^| 


— chafiiT^H 373h J74 


— diDieniJans >^f, 13 


^^^^^^1 


— for pulley luming. $9-92, jjQ 


^^^^H 


— for lapcr lurninf. 16 


^^^^^^H 


— tcstincoF. 349-35' 

— lypical, 13-38 
Lead 4>f (TiN, 397 


V^ — sappiy r^omcis, ago ^^| 


— Eupply «hank, 390 ^^^^H 


— tcrev. t7, li*. 15 


Opening ijl«s. JOJ-JIO ^^^^^H 


lining 0111 pump bodj, 136, [57 


^^^^^H 


— oji foE boring, 242 


^^^^^1 


^ QUI for EiuninCi 102-114 
LubficBAl in drilling, 204 


^^^^^^^1 


PACKING for Hal drilb, 3oa ^^M 

1 I'aiung loola, 46, 47, 77, 7S ^H 


Lubrication, 372 


— efftels of, 31 


I'm, iiiming af, 76 ^^| 


— in wrew ruilini:^ 196 


Plane .surFdcL-i. machiiim^ nf, 2 ^H 


— of back ccnlre. 70, 7 1 


riuiunicr block ctiuckcd un luiulc ^H 


^ of ttoik ia stendicSi lot 


plait, 150 ^H 




Paini ccntrcS) 58-6a ^^^ 




Pnluhing clanpfi, 94 ^^H 




l'ctpp«t, niovoMe, 37 ^^^| 


114ACHIN1': shop intJ [urnciy, I. 
IVl 1, 10, '1 


— sct-ovtr, ^7. 89. 90 ^^^^^1 


— spindle. 274 ^^^^^1 


■ work cJnXUilircl, 3 


— lurrcl fiLlin)^ an, 335, 336 ^^^^^| 


Machines, auCDinaTic acrcw, aSti. 2S7 


Pfime nnmben of threiidar clung« ^^H 


^ for cCraighlcning bar* and shaff5;, 


wheeli for, 960, 361 ^H 


5J-S4 


I'lillry Lummg Inlbfi, 331^ ^^| 


Madimmg of cylindrical surbiCQ, 3 


['uIEeyb, chucking uf, 13^140 ^^| 


^- of iircgulnr fuTnit. 4 


— finEslic'l oTi umndrcb, Ijg ^^| 


— '/pJiinc iiiff'LCCb, I 


Pump Imdy cbucked un imgli- pUvLCt ^H 


Magnetic chucka, [43-I45 


— body, limrg oul of, '56, 157 ^^H 


Mandr^fl Ebr btilu, i^a* 133 


Z 


^H 



H^^^^^^^BB 


^^^^o^^^^^^^^^^ryn^^^^^^^^^^^^^ 


rj AK E, J?. 38, J9, 40. 41 , JS5, j6o, 


Screw ihrtAib, Stuivage, ajB ^^^^ 


'- threads. SeLLcr^', 277^ 27^ ^^H 


knriu^ m hcrov-cmtlni^-. 24H, ?49i ^5^^ 


— ihTpadi^, iihLir|} vet, 37s ^^H 


151. 26 1 


— IhraAs, sl;indaid, 276-250 ^^H 


kcamcTSH 21 [, 2r7 


— ilircacl^, iLKj]:}. 3g. 263, i64-j6f^^| 


— llMiinK, 290 


- — thiuda. Tbu]) , r79 ^^H 


- oil mpi^lv. 390 


~ llircadB, AVbLlwnrlh, 376. ^77 ^H 


RvctfNiing, fia 


ScKlL-thg dltifi, 297-}TO ^^H 


KdicvingH J4Jf J4J 


' — miii^hine^, 273 ^^H 


Rrai for Ha-E dritL ?oi 


Screwi, m^-Ihod of cuMing, 261-27* 1 


Kv>ii^ uC lalllL-!!, 2y 


— with -"HLU^t- ltiteui]-f, 2<hi-fM J 


Kcvcniblc jtiWH, l6Ii-L7l, 1^2 


Scroll cJiUL^k, 175-177 ^^i 


Ucvulving jiiw chuck, 185 


— chuck!!, jiLws of, jSi. 182 ^^M 


— centres, SS 


SeLlt^r Ecrcw ihreudi, 377. 37b ^^H 


kij^hl Einil iL'fr ^mid dxili. ^d 


Setting IiToL^ 47, 48, 56 ^^M 




Stii'iivcr centrv. go ^^^ 


— poppei, 27, 89- 9° ' 


— tind fim»h»ng, zSH, 3^3 


Shark moumini; furchucki. 1B4 ^^m 


— ^'"1- 55* 57 


Roughing locils. 35. j6, ^J, ^3, 45 


oi\ supply^ 3^ ^^H 


Kiiuncl cutlH'h, II ^ 


Shanks n( centres. 6t-&j ^^H 


— T]i»«d oiueis, 212 


Shsrp vce screv Tlirca-d, 27S ^^H 
Shells iLiid raps, 336, 333 ^^H 


— nosed locls. 57i 4=1 44h 4S 


Ri^undili;; luola, 2&9 


Shculdci.i, laming i>(. 77 ^^H 


Rimninj^ iii&, 347 


Simple Irain^ 2(|1 ^^H 


Kkiictfuf sciL-v cLtlUn^* n^-2b^ 


Siring diea, 300, 301 ^^H 




SI»Tt>L Inr fnlior ^iiinHL»« jai ^^H 
Slipper bkick, tLrning ct. 121 ^^H 






Solitl niandreLa, 115, 116 ^^H 


CAFKT\ driver, 7S 

J SauTikgi: screw Ibrciidsr ZjS 


SpccIdiulJoii in lutht- wmk, 8, 9»>^^H 


Speed iifburini;, 197 ^^H 


Screw cutting, 4. a45'aS[ 


Speeds, 30, 3^, 34 ^H 


L — cmlirg from ihu liirrei, 2(>o-3io 


— and fffd«, 37NJ92 ^^^^^^1 


1 ^ cmiJny. IqttriraiiiHi, 296 


34Mt 349 ^^^^^1 


1 — cutliiig, principles o(, J47, 24^1 


^^p;lk1llc 1}c&iL(kK^t 24 ^^^^^H 


1 — cutting, rKlios in, 24^1 Z49t 'i^i 


— of luoviibk popprl, 27, m ^^H 


1 251, 261 


— thrusla. 23, 23 ^^H 


■ — 4:aitin^, rulvfi fFjr, 249-353 


Spindle-i, hollow, 11, 12 ^^^M 


■ ^ PUltlng loola, T46 


— oi btiL<l<t4iclc-;, at, ?j. 14 ^^H 


ft — cniLine iocjI holders 366<j6() 


Spiral rhuck, 177. 77^ ^^H 


H — {bmiBlinii, vkrrjcnlK in, J45. 146 


SpbC iIIl-^. 29S. 299 ^^H 


^^^k ^ rotmalior, machiim far, 271-274 


Sprin)^ dic^T 3C0, 3or ^^^^^H 


^^^K — inHcJune^, AuicDulic, the WQrl: uf, 


chucks, 177 ^^^^^^1 


^H ^7-334 


— ^^^^^^M 


— inofhin^s, (lii^ u>iH] mi, 298 


SqUBTi; centre^ 66 ^^^^^B 


— rhreadii. ,\ciitc, 2S0 


— thread si^rew^. 204-261^ ^^H 


— [bicaiJs. ftn^lc^uft 264-26^ 


SiBnc!,ird ftcicw ibrtiHd^, 276-23c ^^H 


- (hicvds. British A-i-hociatiun, aSo 


Slai fi^d, aiif, 23*, 213, 241 ^^M 
StcAdy fni cmobs iw ^^H 


ihreaiU, calchjuu. ^bH, 169 


- [breads, Ueli^le, 2jg 


— for iniugh but,, 99. 100 ^^H 


- ihifltd'i, for jriu and »ntcf , 277 


— vee'd. 320 ^^^^H 


— thrt^Lils, for (ulit'i, 277 


Htpadjfs, gcj'iDi ^^^^^^| 


- Lhicid*. fritliuaal pllchca, 255, 357. 


— ijs* ^ ^^^^^1 


269 


— Imvi^ibnp, 9^, 9K ^^^^^^1 


- thrcudir, ^ji^ixiun, ?7i 


SL^P chucks, 194 ^^^1 


- lhren[l>i, [nlemalional, ^Ji), 2S0 


^Inighlrnin^ Unt^. ^2. 53 ^^^| 
— niHehJnev (nr ban wad ihiAt. ^^H 


— ibrends nTHleep pilch, 266'26S 





^B^^H 


II^DEX. 4o^^^B 


Sumi^'fifforhAiii i(Hi1»t 40. 42 


Trioli foi lougliing. ^5, 36. 4;, 43 ^^H 


Sluds (eh chuigc gears. 254 


— foi icifu (tuning. 146 ^^^^H 


SuppnTi flRordcd Id cImckcJ woiL, I4^> 


— fnr luniing, aE-4S ^^^^^H 


Swing r^flte, 353, 354 


chmlLnj' of, 351 ^^^H 
— tnifc edge, 43 ^^H 


Swiu> ffrcw ihrnds, 279 


— inairrials us«] for. 373^375 ^^H 


Synonjim uf IddiL-^, i] 


— i>rit>g]i'><pci.'d sled, 374-394 ^^H 




— pnrim^, 46, 47 ^H 




— right jii;d lcf[ hand, 40 ^^M 




-^ found nose. 37, 4a, 44, 45 ^H 


' 1 'APtk Iftrinap 235,340 
1 — luming) l& 


— fieiTing uF, 47, 4^. 5& ^^^^H 


— spring* 46 ^^^^^H 
^ blniifhlfoi^vaid, 40, 47 ^^^^^H 


— lu ruing by ;;eiis, go-91 


— iQMlJElg bj XK-A, 93 


TiavcUing alcudJcs. 95, 9S ^^^^^H 


— Euminj^ lnth<:5, iG. 89*92 


Tiavtr&mg l>:iring liLarl. 333' ^30 ^^^| 


Tapers, lurnjn^. Ktl-9J 


Trulh o( Urh^, 49, 50 ^^H 


THp« onJ A\e& compared ivilh cha^FTi. 


— cf work, 30, (2 ^^1 


' 375 


Tumtd wurk, meuureiiienl uf, 345-348 ^^| 


-^ dicA, aiii] cho^tr^, 247 


Turning luid lining Ivti» and cmirc^. ^^| 


Tbtiug r«ltic», 549-551 

— pump liody cnucLivd on angle ^\%\t^ 


J39'34i ^H 


— boll hudlc5, 294, 295 ^^H 


J5<>-rl>o 


— bttlK 341, 34? ^H 


Threv-lhrow fTTink. [liming of, I04^']I4 


— litiwpencpnlreA, 5^-04 ^^H 


Throdte valve^ lurnmgofH ia& 


— by bra<t^liQHh4?r<4. JS4 ^^| 


Thary scifw ihrcaila, 279 


— Click pIkUj, loti ^^H 


ToffilcchqcV^, rS6'i9Q 


— concAvc portioiiBi £o ^^H 


Tool angici, ja, jj. 35-42, 369, 370 


— cAHinccTing rorl. ic^. 105 ^^^| 


forinalion, 30. 32, 33, 35-43 


- convex ed|tub. yh ^^^^^^^ 


— craDF huDk, 10^, 106 ^^^^^^1 


— cycl? tiiils. 394, 295 ^^^^^H 


hfiUui^ 354-370 


— crrorb ^^^^^H 


li-.Mcrs, Aimilrofig, 35*. 335, 36* 


— cucntioli of* ^^^^^^1 


hnlclci-s Bnhhiigc. 355, 356 


- dipcnnka, 106-1 r 4 ^^^^^^| 


huldei^, l^iti, 363 


57 ^^^^^H 


h'lhlfr^H fni hcrpw culfiiL^, jMi-jbg 


— forked tnAi, iCT-ro5 ^^^^^^| 


- hiiMurs, Haydon. j6j, 365 


— iiuccuracy in, j^d, 52 ^^H 


— iiohlrni, Trail ^ Whiiucy, 369 


— iavuWing limnj: 0UI4 iOj-114 ^^^^^| 


— holdctat Smith tt Coventry* 44. 45, 


— mcLal fi^iVhn'frd in, 29 ^^^^^H 


35S.3*» 


— milling michinc arm, 106 ^^^^^H 


|]L.Mc«, Taylor, 359. 366, 367, j6S 


— on angle place. 146-160 ^^^^^H 

— i*n face nlalvti. i3C-]4i; ^^^^^H 


— liiilr](.'rs i^Pir LijiiiTalHni!<» 354, 3^5 


- ]i4j|4JfTa, Timnis. 361 




— hi.jldcjs, ly]X3 uf, 355 


— shouldered viuik, 77-8t ^^^^^H 


— tNfliis for cross slide, 291-293 


— LapcTft, SS-9J ^^^^^H 


ToDlii) Lnncl, for finishings 46 


— ihroltlc valve, 106 ^^^^H 


— qa?T-iion» 47 


— look, aH-4^ ^^H 


- - LTjinted, 40< 41* 43 


— Tools, grinding of, 351 ^^^^^^^ 


— culvcfi, 7^, So 


-— fj ^^^^^H 


— diuuiomi ^Hiinl, 41, 47 


— vaJTF rod, 103 ^^^^^^| 


— for BuioniAiiut rcnitrha cpD, 319 


Turnery and machine dhrjtja* i , s. ju> J I ^^H 


— for boriOE. 306, :I07 


TuiEci aluchtTicnt foi poppci, ^2^. 33(1 ^^M 


— far cenlnng, 64. 67, bK 


— Ulhc, cwois ^ide. 191 'I94 ^^M 


— fur cuCTing nff. 393 


— looH nimtiinaliun forms, 31?, 313 ^^^ 


-- for cunlot* Hicw ihickitf, 163, 264. 


^ WDiL, 2S2-J36 ^^H 
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— woilki tconomjci of. ^yjSb ^^H 


- for fitiisliiii,eH36, 45, 46, 78, lk> 


— iivnik, uamplciof, 3ri-333 ^^H 


— for ffliming. 393-193 


- work, bCTflv-cuEliag, 2^-^to ^^H 
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INDEX. 



Turretx, boring lool^ for, 2l6, 217 
Typiol tiilhcs. ij-38 
Tyics and centiea, 339-34^ 



T TNDERCUTTIKG, 83 



VALVE cosing, [54-156 
— chucking of, 165 

— foi pneumaiic hvmmoi^ 316 

^ rod guide, chucking of, 141^ 142 

— rod, turning of, 103 



Valve se&tings, boring of, 207, nB 

Vee'd sleadio, 288, ^ 

— at«adv, 32a 

VeniciJ borinE mill, 337, 33S 



WHIRLS, 3TO, 331 
^Vhiiwirrih scievfr ihreuifi, 276, 

377 
Witness Lines, 155, 157, 160 
Wood blocking for chucking. 141, 14I 

— for <xnlring, 86, 87 

— muidrda, 115 

— slips in borii^ heads, 219, 210 
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